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ABSTRACT
The c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and' m ercury were
d e te rm ine d  in  the  g ro un dw a te r, s tream s and s o i l  o f  Essex County,
O n ta r io . Water samples were a s p ira te d  d i r e c t ly .  A p a r t ia l  e x t r a c t io n
was perfo rm ed on the  s o i ls  so th a t the  m eta l a v a i la b le  to  p la n ts  were
a n a lyze d . A c o ld  vapour te c h n iq u e  was used fo r  the d e te rm in a tio n  o f
♦
m ercu ry . . *
\ *■ •
A t o t a l  o f  70 g roundw a te r samples c o l le c te d  s e a s o n a lly  were 
a n a lyze d . The mean c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and m ercury 
were 0 . 0 2  m g/1 , 0 .3 8  m g/1 , 0 . 011  mg/ 1  and 0 . 1 0  p g /1 , r e s p e c t iv e ly .  The  ̂
le v e ls  o f  lea d  and cadmium exceeded the p e rm is s ib le  l im i. t  in  d r in k in g  
w a te r. Ten w e l ls  were ana lyzed  fo r  t r i t i u m  and h ig h  t r i t i u m  
c o n c e n tra t io n s  were found in  f iv e ,  in d ic a t in g  ra p id  i n f i l t r a t i o n  o f  
w a te rs  th ro ug h  the  c la y e y  t i l l .
The mean c o n c e n tra t io n s  in  165 stream  samples c o lle c te d  s e a s o n a lly  
a t- b a se flo w  c o n d it io n s  were 0 .04  m g/1, 0 .02  m g/1, 0 .009 mq/1 and
0,31 p g /1  fo r  le a d , z in c ,  cadmium and m ercury , r e s p e c t iv e ly ,  and 
exceeded the l im i t s  o f  each m e ta l p la ced  on i t  fo r  the  " p ro te c t io n  o f 
fre s h w a te r  a q u a tic  l i f e .  Maximal c o n c e n tra t io n  were d e te c te d  in  the 
s p r in g  and in  th e  w este rn  p a r t  o f  th e  County in d ic a t in g  p o l lu t io n  from 
the  D e t r o i t ,  M ich igan  area as a p o s s ib le . s o u rc e .
The mean c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and m ercury in  the  
s o i l s  were de te rm ined  to  be 3 .62  m g/kg , 8 .12  m g/kg ,' 0 .14  mg/kg and 
1 .39  p g /k g , r e s p e c t iv e ly .  The c o n c e n tra t io n s  o f  th e  tra c e  m e ta ls  in  the 
s tream  sedim ent were a p p ro x im a te ly  30?i lo w e r. E le v a te d  c o n c e n tra tio n s  
were e v id e n t in  samples t a k e n .n e a r ^ i te s  h av ing  h ig h  d a i ly  t r a f f i c .
7  -
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j
with permission of the copyright owner. Further reproduction prohibited without permission.
DEDICATION
To Frank Longpr£, w ith o u t whose su pp o rt th is  work would not ha 
been com p le ted . ^ '
I
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
ACKNOWLEDGEMENTS
• I  w ould l i k e  to  acknowledge the  a s s is ta n c e  and h e lp fu l  c r i t is m  o f  
my th e s is  a d v is o rs , D rs . M. S klash  and A. Turek, d u r in g  the course o f  
th is  s tu d y . I  would a ls o  l i k e  to  thank my fa m ily  fo r  a l l  t h e i r  h e lp  in  
the  c o l le c t io n  o f  the  ,samples 'and in  the  p re p a ra t io n  o f  th is  m a n u s c r ip t.
*
F unding  fo r  t h is  work was p ro v id e d  by rese a rch  g ra n ts  from the 
U n iv e rs ity  o f  W indsor Research Board and th e  N a t io n a l Science and 
E n g in e e rin g  Research C o u n c il o f  Canada.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission
TABLE OF CONTENTS
ABSTRACT i i i
•
DEDICATION -  '  i v
ACKNOWLEDGEMENTS v
LIST OF TABLES 1 ■ v i i i
LIST OF FIGURES • i x ,:
LIST OF APPENDICES . x i
1 .0  INTRODUCTION 1
2 .0  STUDY AREA 4
2.1 P h ys io lo g y  a 4
2 .2  Geology ' 4
2 .3  C lim a te  ' , 1 3
3 .0  ENVIRONMENTAL CONTAMINANTS /  • 15
3.1 N it r a te s  and N i t r i t e s  -  16
3 .2  Lead ’ 16
3 .3  Z in c  . 18
3 .4  Cadmium ' 19
3 .3  M ercury 20
4 .0 *  METHOD OF STUDY. 22
4.1 Sample C o lle c t io n  22
4 .1 .1  Water Sam pling _ 22
4 .1 .1 .1  Streams ’ 22
4 .1 .1 .2  W e lls  22
4 .1 .1 .3  T i le  D ra inage 25
4 .1 .2  S o i l  and Sedim ent Sam pling ‘ 25
4 .1 .2 .1  S o ils  - ' 2 5
4 .1 .2 .2  Sediment 25
4 .2  A n a ly t ic a l  Methods 29
4 .2 .1  pH - 29
4 .2 .2  E le c t r ic a l  C o n d u c t iv ity  29
4 .2 .3  D is s o lv e d  uxygen 29
4 .2 .4  N it r a te s  and N i t r i t e s  30
4 .2 .5  Lead, Z inc and Cadmium 30
4 .2 .6  M ercury 31
4 .2 .7  T r it iu m  • '•  32
Jf-
v i  •
,l -  ■ '
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
5 .0 RESULTS AND DISCUSSION 33
5.1  Stream , W e ll and T i le  D ra inage  Samples 33
5.111 pH 33
5 .1 .2  E le c t r ic a l  C o n d u c t iv i ty  34
5 .1 .3  N i t r a te s  and N i t r i t e s  37
5 .1 .4  D is s o lv e d  Oxygen 40
5 .1 .5  Lead 41
5 .1 .6  Z in c  ' 49
5 .1 .7  Cadmium 51
5 .1 .8  M ercury  51
5.1 -̂9 f  r i t iu m  54
5 .2  S o i l  and Sedim ent " 59
5 .2 .1  pH 59
5 .2 ;2  E le c t r ic a l  C o n d u c t iv ity  62
5 .2 .3  Trace M eta ls  63
5 .2 .3 .1  Lead 65
5 .2 .3 .2  Z inc 65’
5 .2 . '3 .3  Cadmium 72
5 .2 .-3 .4  M ercury 72
6 .0  CONCLUSIONS AND RECOMMENDATIONS 74
6.1 C on c lus ion s  74
6 .2  Recommendations 77
7 .0  LIST OF REFERENCES 7 9 '
8 .0  APPENDIX * 85
v i i






DRAINAGE AREAS AND GRADIENTS FOR 'SELECTED STREAMS IN 
ES5EX COUNTY (ERCA, 1975)
SOLUBILITY PRODUCT CONSTANTS*FOR SELECTED COMPOUNDS 
OF-CADMIUM, LEAD, MERCURY AND ZINC ( E l l i s ,  1973)
PERCENTAGE OF STREAMS EXCEEDING THE LIMIT OF LEAD, 
ZINC, CADMIUM AND MERCURY FOR PROTECTION OF 
FRESHWATER AQUATIC LIFE
PERCENTAGE OF SELECTED WELLS EXCEEDING THE LIMITS OF 
LEAD, ZINC, CADMIUM AND MERCURY IN DRINKING WATfR
v i i i
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
I
LIST OF FIGURES
1. LOCATION OF STUDY AREA ' 2
2.' DRAINAGE PATJERNS OF E55EX COUNTY , 5
3. BEDROCK GEOLOGY OF ESSEX COUNTY 8
(Freeman, 1978) %
A. 0VER8URDEN THICKNESS (m‘) OF ESSEX COUNTY 9
( V a b d a ll, 1965)
5. OVERBURDEN GEOLOGY AT SAMPLING SITES 10 '
(MOE, 1977)
6 . ' SOIL CHARACTERISTICS OF ESSEX COUNTY 11
(ERCA, 1975; V a n d a ll,  1965)
7. SUSCEPTIBILITY OF GROUNDWATER TO CONTAMINATION IN ESSEX 12
COUNTY
(MOE, map 5102)
8 . MONTHLY PRECIPITATION (cm) AT SIX SITES IN ESSEX. COUNTY 14
FROM DECEMBER 1981 TO DECEMBER 1982
(E nv ironm en t Canada, 1983a)
t
' 9. STREAM SAMPLE SITES 23
10. WELL SAMPLE SITES 24
11. TILE DRAINAGE SAMPLE SITES 26
12. SOIL SAMPLE SITES 27
13. SEDIMENT SAMPLE SITES 28
•14. TOTAL MONTHLY DISCHARGE (m 3 /s) OF SELECTED STREAMS IN 35
ESSEX COUNTY
(E nv ironm en t Canada, 1983b) i
1 5 .-  LOCATIONS OF STREAM AND PRECIPITATION MONITORING GAUGES 36
IN ESSEX COUNTY
16. NITRATE-N AND NITRITE-N CONTENT OF STREAM AND WELL 38
•SAMPLES ' ' .
17.. LEAD, ZINC, CADMIUM AND MERCURY IN STREAM SAMPLES 42
s 18. STREAMS EXHIBITING CONCENTRATIONS OF LEAD ABOVE THE 43
• 0 .03  mq/1 PERMISSIBLE LIMIT
*
19. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN STREAMS 44
ix
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
20. U?AD, ZINC, CADMIUM AND MERCURY IN WELL 5AMPLES . 45
21. WELLS EXHIBITING CONCENTRATIONS OF LEAD ABOVE THE 46
0 .0 5  mg/1 PERMISSIBLE LIM IT
22. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN WELLS 47
2?. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN DRAINAGE 48
BASINS
24. STREAMS EXHIBITING CONCENTRATIONS OF ZINC ABOVE. THE 50
0 .03  mg/1 PERMISSIBLE LIM IT
25. STREAMS EXHIBITING CONCENTRATIONS . OF ’ CADMIUM ABOVE THE 52
0.0002 mg/1 PERMISSIBLE LIMIT
26. WELLS EXHIBITING CADMIUM CONCENTRATION ABOVE THE 0.1 mg/1 53
PERMISSIBLE LIMIT
27. STREAMS EXHIBITING MERCURY CONCENTRATIONS ABOVE THE 55
0 .2  p g /1  PERMISSIBLE LIMIT
28. TRITIUM LEVELS (TU) DETECTED IN PRECIPITATION AT OTTAWA -57
AND SIMCUE, ONTARIO
( F r i t z  and D rim m ie, p e rso n a l com m un ica tion ; IAEA 1.969, '
■ 1970, 1971, 1973, 1975, 1979)
29. DEPTHS TO WATER (m) AND TRITIUM CONCENTRATIONS (TU) 5B
DETECTED IN 10 SELECTED WELLS
30,. MODIFIED SCHOELLER PLOT FOR WELLS SELECTED FOR TRITIUM 60
ANALYSIS v
3
31. MODIFIED SCHOELLER PLOT OF MEAN CONCENTRATIONS FOR WELLS 61
SELECTED FOR TRITIUM ANALYSIS
32. SEDIMENT CONDUCTIVITY (pS/cm) vs SOIL CONDUCTIVITY 64
(pS /cm j
33. LEAD, ZINC, CADMIUM AND MERCURY IN SOILS 66
34. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN SOILS 67
35. LEAD, ZINC, CADMIUM AND MERCURY IN SEDIMENTS - -68
36. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN SEDIMENTS 69
37. SOILS EXHIBITING CONCENTRATIONS OF LEAD, ZINC, CADMIUM "  70 
AND MERCURY'ABOVE 2SD
38. SEDIMENTS EXHIBITING CONCENTRATIONS OF LEAD. ZINC, 71
CADMIUM AND MERCURY ABOVE 2SD
x
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
LIST OF APPENDICES

















GLOSSARY OF TERMS USED IN APPENDICES
ANALYTICAL RESULTS FOR STREAM SAMPLES
ANALYTICAL RESULTS FOR WELL SAMPLES
ANALYTICAL RESULTS FOR TILE DRAINAGE SAMPLES
ANALYTICAL RESULTS FOR SOIL SAMPLES
'ANALYTICAL RESULTS FOR SEDIMENT SAMPLES.
pH, CONDUCTIVITY, NITRATE-N, AND ' NITRITE-N 
CONTENT, AND OXYGEN SATURATION PERCENTAGE OF.
SELECTED STREAM SAMPLES
. LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF
SELECTED STREAM SAMPLES
pH, CONDUCTIVITY, NITRATE-N, AND NITRITE-N 
CONTENT OF WATERS IN DRAINAGE 8ASINS
. LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF
WATERS IN DRAINAGE BASINS
. pH, CONDUCTIVITY, NITRATE-N, AND NITRITE-N
CONTENT, AND OXYGEN SATURATION PERCENTAGE OF
SELECTED WELLS
. LEAD, ZINC, CADMIUM AND MERCURY CONTENT IN
SELECTED WELLS
>. pH, ' CONDUCTIVITY, NITRATE-N, AND NITRITE-N
CONTENT, AND OXYGEN SATURATION PERCENTAGE OF
SELECTED TILE DRAINAGE
E LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF
SELECTED TILE DRAINAGE
pH, CONDUCTIVITY, LEAD, 2INC, CADMIUM AND
MERCURY CONTENT OF SOILS IN'ESSEX COUNTY
5. pH, CONDUCTIVITY, LEAD, ZINC, CADMIUM AND
. MERCURY CONTENT OF 5t.DiME(Nfb IN ESSEX COUNTY




















with permission of the copyright owner. Further reproduction prohibited without permission.
SELECTED TRACE METAL CONCENTRATIONS IN GROUNDWATER, 
STREAMS AND SOILS IN ESSEX COUNTY*, ONTARIO
1 .0  INTRODUCTION
Essex County is  ' lo c a te d  in  s o u th w e s te rn  O n ta rio  ■ a t a p p ro x im a te ly  
42°N la t i t u d e  and 83°W lo n g itu d e  (F ig u re  1 ) .  E xc lu d in g  Pelee Is la n d ,  i t  
covers  a p p ro x im a te ly  1900 square k ilo m e te rs .  I t  is  bounded’ by Lake S t.
C la i r  to  the  n o r th ,  the  D e t r o i t  R iv e r to  the  w est, Lake E r ie  to  the
so u th , and Kent County to  th e  e a s t.
The c la y e y  Q u a te rna ry  d e p o s its  w hich p redom ina te  in  t h is  area are  
im p o rta n t as p o s s ib le  media For waste d is p o s a l and as p ro te c t iv e  covers  
on re g io n a l bedrock a q u ife r s .  Very o ld  pore  w ater i s  expected  to  occu r 
a t depth in  these  d e p o s its  th a t a re  s e v e ra l tens  o f  m eters t h ic k .
Temporal v a r ia t io n s  in  g roundw ater q u a l i t y  under n a tu ra l c o n d it io n s
are g e n e ra lly  c o n s id e re d  to  be s m a ll when compared w ith  s u rfa c e  w a te r
q u a l i t y  changes. Seasonal v a r ia t io n s  in  th e  m ajor io n s , sodium ,
magnesium, c a lc iu m , c h lo r id e ,  b ic a rb o n a te  and s u lp h a te , a re  re p o r te d  in
. Chave (1 9 6 0 ), Brown (1 9 6 3 ), Feth (1 9 6 6 ), W alton (1 9 7 0 ), U rie  (1 9 7 3 ),
P i lg r im  e t  a l .  (1979) and S te e le  and C o u g h lin  (1 9 8 2 ). Chave (1960)
> 4 
re p o r te d  v a r ia t io n s  o f  g re a te r  than 150% in  th e  m ajor io n s  from the  same
w e ll  sampled s ix  months a p a r t .  The va lu e s  may re p re s e n t n a tu ra l
. chem ica l d if fe re n c e s  in  a lo c a l  area,; perhaps th ey  re p re s e n t
co n ta m in a tio n .-
T h is  ^s tudy was und e rta ken  to  e s ta b l is h  the seasona l abundance o f 
the  tra c e  m e ta ls : le a d , z i n c , ■cadmium and m ercu ry , in  th e  g roundw ater
Qf Essex County over a th i r te e n  month p e r io d  from December 1981 to  
December 198"2. .The tra c e  m e ta l s tu d ie d  are con tam inan ts  in tro d u c e d  to  
th e  env ironm ent p r im a r i ly  by m an's a c t i v i t i e s  which may be d e l i t e r io u s  
to  /nan, p la n ts  and the  a q u a t ic  env ironm ent (Bouwer 1978; F reeze and 
.C herry 1979; -McNeely e t a l .  1979).
No p re v io u s  .s tu d ie s  have re p o r te d  the seasona l v a r ia t io n  in  the 
tra c e  m e ta l c o n c e n tra t io n s . Few s tu d ie s  have been made o f  the
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3
d is t r ib u t io n  o f  m ajor ion s  in  the  g roundw ater o r s u rfa c e  w a te rs  o f Essex 
C oun ty ; t ra c e  m eta l c o n c e n tra t io n s  are n o t re p o r te d . N i t r a te  and 
n i t r i t e  c o n c e n tra t io n s  were a lso  de te rm ined  in  t h is  r e p o r t  to  check fo r  
p o s s ib le  a g r ic u l t u r a l  c o n ta m in a tio n  o f the g ro un dw a te r. ' i ’
T h is  s tu d y  i s  augmented w ith  an e xam in a tion  o f  the  tra c e  m e ta ls  in  
th e  s o i l  and sedim ent o f  Essex C ounty. The most e x te n s iv e  s tudy  o f 
m e ta ls  in  a g r ic u l t u r a l  s o i ls  o f  O n ta r io  was conducted  by Frank e t  a l .  
(1 9 7 6 ), in  which ten  m e ta ls  and one non -m eta l were ana lyze 'd . R eg iona l 
r e s u l t s ,  however, were not re p o r te d .
G roundwater samples were o b ta in e d  a t the  w e ll head o f or fa u c e t o f 
p r iv a te  w e l ls .  Stream samples were o b ta in e d  a t o r near the  headwaters 
o f  the  stream s a t base f lo w  c o n d it io n s  as a re p re s e n ta t iv e  o f  sh a llo w  
g ro un dw a te r. S o i l  samples were o b ta in e d  from farm f ie ld s  to  a depth o t 
150mm. Trace m e ta ls  were ana lyzed  u s in g  a tom ic  a b s o rp tio n
s p e c tro p h o to m e try .
T h e re fo re , th e  o b je c t  o f  t h is  s tu d y  i s  to  de te rm ine - !? the 
c o n c e n tra t io n s  and the  seasona l v a r ia t io n s  o f  the tra c e  m e ta ls  -in bo th  
the  g roundw a te r and s o i ls  o f  Essex County and to  in v e s t ig a te  p o s s ib le  
sources o f  the  m e ta ls .
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
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2 .0  STUDY AREA
/
2.1  Physiology
The topography o f  the  re g io n  is  ve ry  f l a t .  The p redom inan t s u rfa c e  • 
fe a tu re s  are u n d u la t in g  and have been m o d if ie d  by g la c ia l  wave a c t io n  
and d e p o s it io n .  The h ig h e s t e le v a t io n  in  the  re g io n , o n ly  45m ^>ove
Lake E r ie ,  is  a g la c ia l  d e p o s it which form s a. r id g e  nea r Leam ington 
(V a n d a ll 1965).
The f l a t  topography o f  the  Essex p e n in s u la  and the  presence o f  
la rg e  bod ies  o f  w a te r to  the n o r th ,  sou th  and w es t, have p re ven te d  the 
n a tu ra l deve lopm ent o f  la rg e  r i v e r  system s (F ig u re  2; ERCA 1975). The 
Canard R iv e r ,  th e  la rg e s t  . r i v e r  system , flo w s  westward from south  o f the 
town o f  Essex to  th e  D e t r o i t  R iv e r . Most o th e r m ajor stream s flo w  
e it h e r  n o rth  to  Lake St'. C la i r  o r sou th  to  lake  E r ie .  A low  stream  
g ra d ie n t is  the  c h ie f  c h a r a c te r is t ic  o f  a l l  the  stream s (ERCA 1975).
The n a tu ra l d ra in a ge  is  poor bu t has been im proved by w idespread 
f i e ld  t i l i n g .  There are no n a tu ra l w a te r r e te n t io n  areas and the  
headw aters d ry  up d u r in g  th e  summer and f a l l  m onths. The numerous 
w atersheds are  s m a ll w ith  s l i g h t  g ra d ie n ts  and a c tu a l s tre a m flo w s  are
fre q u e n t ly  low or. n o n -e x is te n t ,  -so th a t any e x is t in g  w a te r tends to
s ta gn a te  w ith  c o rre s p o n d in g  in c re a s e  in  e v a p o ra t io n  and e u tro p h ic a t io n  
(T a b le  1 ) .
The g roundw a te r movement in  the  area is  s low  due to the  h y d ra u l ic  
g ra d ie n t imposed on the  g roundw ater by the  fe a tu re le s s  topog raphy . As a 
r e s u lt  o f  th e  area be ing  u n d e r la in  p r im a r i ly  by p o o r ly  permeable 
m a te r ia ls  ( t i l l ,  s i l t ,  c la y )  and the  low h y d ra u lic  g ra d ie n t ,  the  w ater 
ta b le  is  g e n e ra lly  found c lo s e  to . th e  s u rfa c e  (MOE, map S102). The 
depth to  the w a te r ta b le  i s  g e n e ra lly  s h a llo w ; Sklash  and F a rvo ld en  
(1982) and S k la sh  (1983) re p o rte d  ranges from  1 to  6m below s u rfa c e  
near Leam ington and W indsor.
2 .2  Geoloqy
Most o f  the  bedrock is  se d im e n ta ry  lim e s to n e  o f  the Devonian age 
w hich has a h ig h  ca lc iu m  and magnesium c o n te n t (ERCA 1975). F ig u re
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TABLE 1. DRAINAGE AREAS AND GRADIENTS FOR SELECTED STREAMS IN ESSEX 
COUNTY (ERCA, 1975)








Belle River 113.96 22.41 14.33 0.64'
Big Creek* 62.68 15.69 8.84 0.56
Canard River 264.41 41.72 17.98' 0.43
Cedar Creek ,. • 102.05 11.67 8.84 0.76
Hillman Creek 7B.99 17.49 34.75 • ‘1..00
Little River 58.53 12.07' 11.89 . 0.99
Pike Creek 87.28 17.01 15.54 0.91
Riviere Aux Puces 68..38 13.68 14.02 1.02
Ruscom River 145.30 25.95 20.12 0.73
Sturgeon Creek 20.72 13.03 42.06 3.23
*near Amherstburg
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3 shows the bedrock geology of Essex County. No- natural outcrops occur 
in the area. - -
The lower Devonian Bois Blanc Formation consists of brown, grey, 
and brownish grey, fine- to medium-grained, dolomitic limestone or 
calcareous dolomite. This is overlain by the Middle Devonian Detroit 
River Group. This group consists of buff to brown, finely crystalline 
dolomite and grey to buff dolomitic limestone (Sanford and 8rady 1953). 
The Detroit River Group, present throughout the area, is only exposed in 
quarries, and excavations in the southwestern part of the county near 
Amherstburg (MOE, map S102). The Detroit River Group is overlain by the 
Dundee Formation, except in the southern part of Essex County, where it 
immediately underlies the drift. The Dundee Formation consists of 
buff-coloured, fine-grained clastic limestone in the lower part becoming 
finely crystalline above. The Dundee underlies the Hamilton Formation 
which consists of interbedded shale and grey argillaceous limestone 
(Sanford and Brady 1955).
Scott (1976), places Essex County in the St. Lawrence Lowland Till 
Province. The most common surficial material overlying the bedrock is 
• clayey till and silty clay of glacial and glaciolacustrine origin. They
can be characterized as relatively clayey in texture with an
illite-chlorite clay mineralogy and 20 to 50% carbonate content giving a 
generally buff to grey colour. Typically the tills are composed of AO -
60% clay ( 2 pm size), 30 - 40% silt, 5 - 10% sand and usually less than
/
5%~ gravel (Desaulniers et al. 1-981). The thickness of the clayey till 
commonly exceeds 30m (Figure 4 and 5).
' Glaciofluvial and glaciolacustrine sand and gravel deposits are 
a'lso found as thin, discontinuous bands southeast and east of Windsor 
and from Amherstburg to Colchester. Lacustrine sand and gravel deposits 
from glacial lakes are found south of Windsor and along the south shore 
of Lake St. Clair (Figure 6; MOE, map S102). The variations ■ in the
‘origins of the surficial deposits are also reflected in the map
illustrating the Riispppt ih? lity of. ground’.-,■ctcr to contamination in Essex 
County (Figure'7).
There are several reports of fractures fand fissures in the clayey 
till .from the surface to depth of 6 to 10m (Sklash, personal
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com m un ica tion ; D e s a u ln ie rs  e t  a l .  1 9 8 1 ). No f r a c tu re s  or f is s u re s  were 
observed  by D e s a u ln ie rs  e t  a l .  (1981) d u r in g  the  d r i l l i n g  o f the c la ye y  
• t i l l ,  however, d r ie d  s e c t io n s  o f  s h e lb y  tube samples d id  re v e a l iro n  
o x id e -c o a te d  f r 'a c tu re s ' w i th in  3m o f  the  s u r fa c e . I t  is  p o s s ib le  fo r  
these  ’ f r a c tu re s  to  be sea led  by expandable c la y  m in e ra ls  produced by the 
.o x id a t io n  o f  i r o n  c h lo r i t e  o r v e rm ic u l i te  in  the  w ea thered  zone (Q u ig le y  
and Ogunbadejo 1976).
2 .3  C lim a te
The c lim a te  is  co n s id e re d  to be a m o d if ie d  humid c o n t in e n ta l w ith  
h o t summers, c o ld  w in te rs  and adequate p r e c ip i t a t io n  fo r  re g io n a l needs 
(M u lle r  1974 ). P r e c ip i ta t io n  exceeds 800mm (F ig u re  8 ) and is  f a i r l y  
u n ifo rm  th ro u g h o u t the  yea r (ERCA 1975). The summer r a in f a l l . g e n e r a l l y  
r e s u lt s  from showers o f  s h o r t d u ra t io n .  These c o n d it io n s  combined w ith  
n o rm a lly  h ig h  te m p e ra tu re s  and e v a p o ra t io n , c re a te  o c c a s io n a l d rough t 
c o n d it io n s  d u r in g  the  summer.
The w ind p re d o m in a n tly  shows a s o u th w e s te r ly  f lo w  in  a l l  seasons; a 
second maximum may be seen in  the  n o r th e a s te r ly  q u a d ra n t, p a r t i c u la r ly  
in  the  s p r in g  and summer. A lthough  the  frequency and in t e n s i t y  o f  w inds 
in  t h is  q ua d ran t are  no t s u f f i c ie n t  to  mask the  g e n e ra l s o u th w e s te r ly  
f lo w , th e y  a re  s ig n i f i c a n t  in  r e la t io n  to  p o s s ib le  p o l lu t io n  e f fe c ts  
•3 caused by sources to  the  n o r th  (Jacobs 1983).
•%  ■
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3 .0  ENVIRONMENTAL CONTAMINANTS
a  '
The e x te n s iv e  g row th  o f  p o p u la t io n  and o f  in d u s t r ia l  and 
a g r ic u l t u r a l  p ro d u c t io n  has begun to  produce q u a n t i t ie s  o f  waste th a t  
o f te n  pose a th re a t  to  s o i ls  and g roundw a te r q u a l i t y  and may have 
a lre a d y  re s u lte d  in  * many in c id e n ts  o f  g roundw a te r c o n t im in a t io n .  The 
e n try  o f  p o l lu ta n ts  to  s’h a llo w  a q u ife rs  occu rs  d i r e c t ly  th rough  welld%
, b y "  downwar*d p e rc o la t io n  th ro ug h  the  zone o f  a e ra t io n , by induced
recharge  from s u rfa c e  w ater bod ies  o r  by in t e r a q u i fe r  f lo w  (E v e re tt  
19§0 ). Depending on th e  source o f  th e  p o l lu t io n ,  many years  may e lapse  
' b e fo re  a f fe c te d  w a te rs  show up in  a w e l l .  D e s a u ln ie rs  e t  a l .  (1981) 
de te rm ine d  th e  , average l in e a r  g roundw ater v e lo c i t y  n e a r• Woodslee to  be 
0 .17  ± 0 .18  cm /y r (n  = 4 ) .  As a r e s u lt  o f  t h is  s low  movement many years  
may be re q u ire d  to  r e h a b i l i t a t e  con tam ina ted  a q u ife rs  in  Essex C ounty.
^  ' The most common co n ta m in an t i d e n t i f ie d  in  th e  • g roundw ater is
I n i t r a t e .  Th is  con ta m in an t i s  becoming in c re a s in g ly  w idespread because
o f  a g r i c u l t u r a l " a c t i v i t i e s  and d is p o s a l o f  sewage on o r beneath the la n d
s u r fa c e . .T ra ce  m e ta ls  in  g roundw a te r, such as le a d , z in c ,  cadmium and
m ercury , have o n ly  re c e n t ly  re c e iv e d  c o n s id e ra b le  a t te n t io n .
A lth ou g h  trp c e  e lem ents 'a re  ra re  3&n g roundw a te r, t h e i r
c o n c e n tra t io n s  can be above l im i t s  , s p e c if ie d  in  d r in k in g  w a te r .
s tandards,.. T h e ir  low c o n c e n tra t io n s  in  g roundw ater may be the  r e s u lt  o f
t ra c e -m e ta l a d s o rp t io n  to  c la y  m in e ra ls ,  o rg a n ic  m a tte r o r o th e r
'c r y s t a l l i n e  and amorphous substances th a t  make uf5 the a q u ife r .  In
^  * 
a na e rob ic  and in  n o n a c id ic  g roundw a te rs ,’ . th e  r e la t iv e  i n s o lu b i l i t y  o f
s u lp h id e  \a n d  ca rb on a te  m a te r ia ls  may a ls o  l i m i t  tra c e  m eta l
c o n c e n tra t io n s  (F reeze  and C herry 1979).
The c o n c e n tra t io n  o f  tra c e  m e ta ls  in  the  s o i l  hfes o fte n  been
enhanced by th e . ‘ a d d it io n  o f  f e r t i l i z e r s  and p e s t ic id e s  c o n ta in in g
m e ta ls , 'sewage s lud ge  d is p o s a l .and a re a l f a l lo u t  from urban
’ t r a n s p o r ta t io n  and in d u s t r ia l  a c t i v i t i e s .  Stream sed im ents p ro v id e  a
com posite  sample o f  s o ^ l and w e a th e r ing p roducts , upstream  from the
sample s i t e .  The h ig h e r c o n c e n tra tio n s  o f  t ra c e  m e ta ls  in . the s o i l  and
sedim ent a f fo rd s  e a s ie r  d e te c t io n .  The r e la t iv e  t o x i c i t y  o f  the m eta ls
in  the  s o i l  is  low er than  ih  the  w a te r due to  the  a d s o p tiv e  p ro p e r t ie s
• * o f  the  s o i l  (T y le r  1981).
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3.1 Nitrates and Nitrites
Nitrate concentration in surface waters ma/y flucuate, being higher ‘ 
in the spring when contributions from overland runoff are substantial 
(Bouwer 1978; McNeely et al. 1979). Bouwer (1978) also found that
waters draining sandy soils had higher concentrations than those 
draining clay soils.
High nitrate concentrations decrease the oxygen-carrying capacity 
of the blood.- This is particulary important in the health of infants 
because the intake of excess amounts of nitrate can result is 
methaemoglobinaemia or blue baby sickness (Rainwater and Thatcher 1960; 
Bouwer 1978; McNeely et al. 1979). The recommended limit of nitrite-N 
in • drinking water is 10 mg/1 (Bouwer 1978). The limit of 0.3 mg/1
'nitrate-N has been set for the protection of fresh water aquatic life
(Black 1977).
Nitrite is an intermediate product in nitrification and
denitrification. It is unstable in the presence of oxygen and is, 
therefore, absent or present only in minute quantities in most natural 
waters (Rainwater and Thatcher 1960; Bouwer 1978; McNeely et al. 1979). 
Nitrites are more toxic to man and animals than nitrates and the 
recommended limit of nitrite-N in drinking water is 100 pg/1 (Bouwer
1978).
3.2' Lead
Lead, a minor element in natural waters, is found in both soluble 
and suspended forms.- The chemical form of lead in natural, waters is 
governed' by. the concentrations of various inorganic and organic 
constituents present in the water. The predominant inorganic anions 
binding lead are carbonate, hydroxide, phosphate, sulphide and sulphate 
(Table 2; Oaworski 1979). The concentration of lead and its relative 
toxicity is dependent on the hardness, pH, alkalinity and dissolved 
oxygen content of a water (McNeely et al. 1979). The toxicity of lead 
decreases with increasing hardness and dissolved oxygen.
Man's input of lead to the environment clearly outweighs all 
natural sources. The burning of automobile fuels is a major contributor
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
TABLE 2. SOLUBILITY PRODUCT CONSTANTS FOR SELECTED COMPOUNDS OF 
CADMIUM, LEAD, MERCURY AND ZINC ( E l l i s ,  1973)
Chem ical S o lu b i l i t y  P roduct
Form ula S o lu b i l i t y  e x p re s s io n  C onstant
CdCo3 CdC03 = Cd++ + CO3- - 5 .2 X 10-12
PbCo3 PbC03 = Pb-*-4- + CO3— 1.5 X 10-13
Hg2C l2 Hg2CL2 = Hg2+ + 2C1- 1.1 X 10-14
Cd(0H ) 2 Cd(0H)2 = Cd++ + 20H- 2 . 0 X 10-14
PbC0H) 2 Pb(0H)2 = Pb++ + 20H- 4 .0 X 10-15
Hg(0H ) 2 Hg(0H ) 2 = Hg++ + 20H- . 3 .0 X 10-15'
Zn(0H ) 2 Zn(0H)2 = Zn++ + 20H- 5 .0 X 10-17
CdS CdS = Cd++ + S— 6 . 0 X 10-27
PbS PbS = Pb++ + S— 4 . 0 X 1 0 - 2 6
HgS HgS = Hg-4-*- + S — 1 . 0 X 10-60
ZnS ZnS = Zn++ + S— 1 . 0 X 1 0 - 2 0
\
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of lead to surface waters where it is extremely toxic to fish. The 
toxicity to fish results from a coagulative film which forms over the 
gills and evertually. leads to suffocation (Rainwater and Thatcher 
1960). To protect freshwater aquatic life, a level of 0.03 mq/1 has 
been proposed. The maximum concentration of lead in drinking water has 
been set at 0.05 mg/1 (McNeely et at. 1979).
The accumulation of lead in populated areas at the soil surface andr
in the sediments results primarily from the settling of lead- 
contaminated dust (LaBarre et al. 1973; Siegel 1974; Foth 1978; 
Jaworski 1979). Industrial and urban waste water discharges into rivers 
may cause accumulations of heavy metal in sediment (Oliver 1973). 
Siegel (1974) found that soils may contain 0.5 to 5.0 mg/kg lead, 
however, Frank et al. (1976) observed from 1.5 to 17.6 mg/kg lead in 
agricultural, non-fruit soils from Ontario. High levels of lead, up to
888 mg/kg, were reported in soils collected from apple orchards where
lead arsenate has been applied for over 80 years.
Lead is not very mobile and accumulates in the surface soil
horizons where it is usually held by the clay or organic matter (Smith
and Atkinson 1975; Aubert and Pinta 1977; Oaworski 1979). Lead toxicity-
varies with the soil pH; the more alkaline the pH, the more toxic is the
lead at low concentrations (Aubert and Pint'a 1977).
\
3.3 Zinc
Zinc is an essential element for plants, animals and|man because it 
is necessary for the function of certain enzymes. • Zinc is commonly 
present in carbonate rock (Hem 1970) and calcareous sediment may 
contribute zinc to the aquatic environment (McNeely et al. 1979). 
Elemental zinc and zinc oxide are only slightly soluble in water, 
whereas zinc chlorides and sulphates are highly soldble (Table 2). The 
concentration of zinc and its relative toxicity to aquatic life are 
dependent on hardness, pH, temperature and dissolved oxygen content of 
the water (McNeely et al. 1979). The toxicitv of zinc riprrp?s<»s with 
increasing dissolved oxygen and hardness and decreasing temperature.
Zinc may be given off by galvanized surfaces or from industrial 
waste (Rainwater and Thatcher 1960; Hem 1970; Bouwer 1978; Spear 1981).
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S u rfa ce  w a te rs  c o n ta in  o n ly  tra c e  amouts o f  z in c ,  u s u a lly  le s s  than  
0 .0 5  mg/1. Due to  the  acu te  and c h ro n ic  t o x i c i t y  a t a q u a tic  l i f e ,  z in c  
c o n c e n tra t io n s  sh ou ld  n o t exceed 0 .03  mg/1 in  s u rfa c e  w a te rs  (McNeely 
e t  a l .  197 9 ). Z inc is  r e la t iv e ly  n o n - to x ic  to. man and a l i m i t  o f
5 .0  mg/1 is  based on a e s th e t ic  c o n s id e ra t io n s  (McNeely e t  a l .  1979). 
The c o n c e n tra t io n  o f  z in c  in  g roundw ater may be a t le a s t  one o rd e r o f 
m agnitude g re a te r  than c o n c e n tra tio n s  in  s u rfa c e  w a te rs  (Spear 1981).
Z inc  accum ula tes in  the  upper s o i l  h o r iz o n , ' and i t s  c o n c e n tra t io n  
in c re a s e s  w ith  in c re a s in g  o rg a n ic  m a tte r . A ube rt and P in ta  (1977) found 
th a t  s o i ls  formed on g la c io f lu v ia l  sand have a z in c  c o n te n t ra n g in g  .from  
j  4 .4  to  9 .3  m g/kg. The s o i l s  formed on m o ra in ic  c la y e y  loams o r 
la c u s t r in e  c la y  were r ic h e r  w ith  rafiges o f  2.1 to  13.0  mg/kg and 8 .3  to
20 .4  m g/kg, r e s p e c t iv e ly .  E le va te d  le v e ls  o f  z in c  near h ighways are the  
r e s u l t  o f  t i r e  d e g ra d a tio n  and c o r ro s io n  o f  z in c  a llo y s  and gavan ized 
s u rfa c e s  (L a g e rw e rf f and Specht 1970; Spear 1981 ). •
3 .4  Cadtaium
Cadmium and i t s  compounds are u s u a lly  p re s e n t in  w ater in  tra c e  
q u a n t i t ie s  o n ly .  E lem enta l cadmium is  in s o lu b le  in  w ater and cadmium 
. ca rb o n a te  and h y d ro x id e  have low s o lu b i l i t i e s  (T a b le  2 ) . Cadmium s a lt s  
( c h lo r id e ,  n i t r a t e  o r s u lp h a te )  may be p re s e n t as o rg a n ic  and in o rg a n ic  
complexes o r adsorbed on suspended p a f t ic le s  o r bottom  sedim ent (McNeely 
e t  a l .  1979). The c o n c e n tra t io n  o f  cadmium and i t s  t o x i c i t y  are 
dependent on pH and w a te r hardness. Cadmium is  made more a v a ila b le  to  
organ ism s and p la n ts  in  a c id  w a te rs  (NRCC 16743, 1979).
Cadmium is  in tro d u c e d  in to  the  env ironm ent m a in ly  as a r e s u lt  o f 
m an's a c t i v i t i e s  (D aw orsk i 1980). Cadmium is  c h e m ic a lly  re la te d  to z in c  
so th a t  the le v e ls  o f  these two e lem ents may be c lo s e ly  a s s o c ia te d . A l l  
i n d u s t r ia l  p rocesses in v o lv in g  z in c  are s u b je c t to  the  presence o f  
cadmium because both  m e ta ls  are f re q u e n t ly  d e r iv e d  from the  same source 
m a te r ia l (L a g e rw e ff and Specht 1970; NRCC 16743, 1979; Oaworski 1980). 
Jaw o rsk i (1 9 8 0 ), found th a t  the  averaoe le v e l n f  rsHmlnm in  fresh.'.-:etcr 
is  0 .3  gg /1  w ith  a range o f  0.1 to  10.0  p g /1 .
Cadmium has a c u m u la tiv e  and h ig h ly  to x ic  e f fe c t  on man. Cadmium 
has been l in k e d  to  h y p e rte n s io n  (Bouwer 1978) and accum ulates in  th e
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l i v e r ,  k id n e ys  and lun gs  (McNeely e t  a l -  1979). The maximum l i m i t  o f 
cadmium in  d r in k in g  w a te r has beenj se t a t 0.01 mg/1 and a t 0.0002 mg/1 
in  s e n s it iv e  a q u a tic  env ironm ents  (McNeely e t  a l-  1979).
Cadmium p o l lu t io n  ,o f the  s o i l  r e s u lts  m a in ly  from the  la rg e -s c a le  
com bustion  o f  f o s s i l  fu e ls ,  m e ta l (e s p e c ia lly  le a d -z in c )  s m e lt in g  and 
r e f in in g ,  and the use o f  superphosphate  and sewage s ludge  f e r t i l i z e r s . \  
In c re ase d  cadmium le v e ls  near h ighways r e s u l t  from w earing  or 
m o to r -v e h ic le  components ( t i r e s ,  g a lv a n iz e d  m e ta l)  as w e ll as from 
com bustion  o f  p e tro le um  d i s t i l l a t e s  and t h e i r  a d d it iv e s  (Ja w o rsk i 
1980 ). In  n e u t ra l  and a lk a l in e  w a te rs  cadmium is  la r g e ly  adsorbed by 
the  sed im ent (NRCC 16743, 1979). The norm al range o f  cadmium in  s o i ls  
was d e te rm ine d  by C ha ttopadhye l e t  'a l .  (1972) to  be 0.01 to  0 .70  m g/kg.
3 .5  M ercury
M ercury is  a dangerous p o l lu ta n t  in tro d u c e d  in to  the  env ironm ent by 
human a c t i v i t i e s .  .The m ajor use o f  m ercury was in  the c h lo r in e  -  a lk a l i  
in d u s t r y ,  f o s s i l  fu e l com bustion  leads to  s ig n i f i c a n t  in o rg a n ic  m ercury 
em iss ion  because o f  the  la rg e  amounts o f  fu e l consumed (Ja w o rsk i 1980). 
Rain re tu rn s  the a tm o sph e ric  m ercury to  the  upper most s o i l  h o r iz o n  from 
which i t  e i th e r  e vap o ra tes  o r i s  d isp e rse d  in to  the  a q u a tic  env ironm ent 
b y  e ro s io n  and le a c h in g  ( D a l l 'A g io  1971; S herb in  1979; NRCC' 16739, 
1979).
M ercury and i t s  compounds u s u a lly  occur in  ve ry  low c o n c e n tra tio n s  
in  n a tu ra l w a te rs  because they_ are s p a r in g ly  ’s o lu b le  in  w ater (T a b le  2) 
o r because they a re  s t ro n g ly  adsorbed onto  suspended p a r t ic u la te  m a tte r* 
e v e n tu a l ly  s e t t l i n g  to  form p a r t  o f  the  bottom  sedim ent (NRCC 16739, 
1979). The m e thy lm e rcu ry  io n s  i s  th e  most to x ic  form  o f  m ercury to f is h  
and mammals because i t s  l i p i d  s o lu b i l i t y  p e rm its  i t  to  c ro ss  b io lo g ic a l  
membranes more e a s i ly  than in o rg a n ic  m ercury (J a w o rs k i 1980). M ercury 
s a lt s  are absorbed in  the  in t e s t in a l  t r a c t  and accum ulate  in  the  k id n e ys  
and l i v e r .  M e thy lm e rcu ry  is  t ra n s p o r te d  by red b lo c k  c e l ls  and can 
cause permanent b ra in  damage (McNeely et a l . 1979).
M ercury i s  h ig h ly  to x ic  to  f is h  and a q u a tic  l i f e  and tends to  be 
b io -a c c u m u la te d  in  the  food c h a in . To p ro te c t  a q u a tic  l i f e  a l i m i t  o f
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0. 2 j j g/1 has been s e t .  The l i m i t  o f  2. 0 yg/1 has been 
e s t a b l i s h e d  f o r  mercury  i n  d r i n k i n g  wa t e r  (McNeel y e t  a l .
1979) .
Na t u r a l  s o i l s  have been f ound t o c o n t a i n  0.01 t o  0. 07 
mg/kg mercury  (NRCC 16739,  1979) .
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4 .0  METHOD OF STUDY
4 .1  Sample C o l le c t io n
4 .1 .1  W ater Sam pling
4 .1 .1 .1  Streams
.S tre a m  samples were c o l le c te d  in  bo th  200ml p o ly e th y le n e  (N a lgene) 
and 10Umg g la s s  b o t t le s  a t each s i t e  by im m ersing, the b o t t le  in to  the 
s tream  by hand. The b o t t le s  were r in s e d  w ith  the  sample w a te r 
im m e d ia te ly  p r io r  to  sam p ling  to remove any co n ta m in an ts  in  the b o t t le .  
The sample c o l le c te d  in  the  g la s s  b o t t le ,  to  be used For m ercury 
d e te rm in a t io n , was im m e d ia te ly  a c id i f ie d  or p re se rve d  by the a d d it io n  o f  
1ml c o n c e n tra te d  s u l f u r ic  a c id  and 1ml 5% po tass ium  d ich ro m a te  (Jonasson 
e t  a l .  1973). The pH, e le c t r ic a l  c o n d u c t iv i t y ,  d is s o lv e d  oxygen, 
n i t r a te - N  and n i t r i t e - N  were measured on the ' u n tre a te d  samples in  the 
la b  a t 23°C w i th in  6 hours o f  sa m p lin g . The samples were then p re se rve d  
by the  a d d it io n  o f  c o n c e n tra te d  n i t r i c  a c id  u n t i l  a pH o f  le s s  than 4 
was a t ta in e d  (E v e re t t  1980). These samples were la t e r  ana lyzed  fo r  le a d , 
z in c  and cadmium.
Stream sam ples, re p re s e n ta t iv e  o f  s h a llo w  g ro un dw a te r, were 
o b ta in e d  near the  headw aters , a t le a s t  3 days a f te r  a r a in  event o r snow
m e lt p e r io d , to  r e f le c t  base flo w  c o n d it io n s .  A ttem p ts  were made to
sample stream s under f lo w in g  c o n d it io n s  bu t t h is  was no t p o s s ib le  in  the 
summer months because most s tream s are s e a s o n a lly  d ry .
A t o t a l  o f  163 stream  samples were c o lle c te d  from 45 s i t e s  (F ig u re  
9 ) :  29 samples in  December 1981, 29 samples in  A p r i l  1982, 38 samples
in  June 1982) 29 samples in  August 1982 and 40 samples in  December 1982.
4 .1 .1 .2  W e lls
W e ll samples were o b ta in e d  a t the  w e llhe ad  or a t the fa u ce t o f 
p r iv a te  w e l ls .  In bo th  cases, w a te r was a llo w e d  to  run fo r  s e v e ra l 
m inu tes  to  c le a r  the  p ip es  and o b ta in  a sample d i r e c t ly  from the  
a q u if e r .  These samples were tre a te d  in  a manner s im i la r  to  the stream  
sam ples. A t o t a l  o f  70 w e l l  samples were c o lle c te d  from 22 s i t e s
(F ig u re  1 0 ): 21 samples in  December 1981, 21 samples in  A p r i l  1982, 17
samples in  August 1982 and 11 samples in  December 1982. Two w e lls  were
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samples a t S ite  8 in  A p r i l  1982 -  the  w e ll  used fo r  dom estic  consum ption 
w hich was re p e a te d ly  sam pled, and a w e ll  used fo r  w a te r in g  l iv e s to c k  
w h ich  was o n ly  sampled once.
Ten samples were o b ta in e d  fo r  t r i t i u m  a n a ly s is  in  August 1982. 
These were c o lle c te d  in  20ml p o ly e th y le n e  (N ag lene ) b o t t le s  and sent to 
th e  U n iv e rs ity  o f  W a te rloo  fo r  a n a ly s is .
4.1.1.3 Tile Drainage
T i le  d ra in a g e  samples were o b ta in e d  from p la s t ic  o r c la y  tu be s , 
a p p ro x im a te ly  0.5m below  the  s o i l  s u rfa c e  o f  fa l lo w  f ie ld s .  These 
sam ples, c o l le c te d  in  A ^ r i l  1982, were tre a te d  in  the  same manner as the 
stream  samples (F ig u re  1 1 ).
4 .1 .2  S o il and Sediment Sampling
4 .1 .2 .1  S o ils
S o i l  samples were taken from farm f ie ld s ,  p re d o m in a n tly  under cash 
crops,' from a depth  o-f 150mm u s in g  a hand he ld  a ug e r. The samples were 
c o l le c te d  in  August 1982 d u r in g  a p ro lo n ge d  d ry  s p e l l .  S o i l  samples 
were taken near the  headw aters and o th e r  lo c a t io n s  a t a d is ta n c e  o f 
a p p ro x im a te ly  50 to  100m from the n e a re s t road (F ig u re  1 2 ). A t o t a l  o f  
69 s o i l  samples were c o l le c te d .  Each s o i l  sample was a com posite  o f  
th re e  subsamples taken  w i th in  a ra d iu s  o f  10m.
Samples were s to re d  in  K ra f t  paper s o i l  sample bags. The samples 
were a i r - d r ie d  and s ie ve d  th ro ug h  n y lo n  (T y le r  mesh -8 0 ) .  Ten grams o f 
th e ' f in e -g ra in e d  sample were re ta in e d  fo r  ch em ica l a n a ly s is  w hich 
in c lu d e d  pH, e le c t r i c a l  c o n d u c t iv i ty  and heavy m e ta ls : le a d , z in c ,
cadmium and m ercu ry .
4 .1 .2 .2  Streams Sediments
Grab samples o f  s tream  sedim ents were o b ta in e d  near the  headwaters 
o f  s tream s, n o rm a lly  from  the  c e n tre  o f  the  s tream . Each s i t e  was 
samples a t th re e  io c d t iu i ia  Lu y ie id  a s in g le  sam ple. Ihese samples were 
c o lle c te d  in  c o n d u c tio n  w ith  the  s o i l  samples and were tre a te d  in  the  
same manner. A t o t a l  o f  40 sedim ent samples were c o lle c te d  (F ig u re  13 ).
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4 .2 .1  pH *
The.-_hydrogen-ion concentration is expressed as the pH, which is the
reciprocal of the logarithm (base 10) of the hydrogeo-lon concentration
in moles per litre. The pH was measured in the laboratory using a
combination pH electrode and a Beckman Century SS-1 pH meter with pH 4
and 6.8'buffers. Measurement of water pH was made at 23°C within six- 
*hours 6f sampling, according to the procedures in Everett (1980)N 
* (Soil slurries were made 'to measure the pH of soil and sediment 
samples. The slurries consisted of 1g of the fine grained sample' mixed 
with 100ml of deionized water* for a period of one minute (Govett 1973).
A pH reading was taken every minute for 3 minutes and the results.were 
averaged'. The soil may exhibit a pH "drift" which makes determination 
of the true value difficult (Hesse 1971; Smith and Atkinson 1975). The 
pH drift and direction was nbted.
4.2.2 Electrical Conductivity ■ *
The ability of a material to conduct an electrical current ’ is
called its electrical conductivity. It is the reciprocal of electrical
resistance and has units of microsiemens (pS). Specific conductancek
readings are adjusted to 25°C so that variations in the conductance are
a function only of the concentration and type of dissolved constituents
present (Walton 1970).
<  •The electrical conductivity was measured in the laboratory using a 
Barnstead Conductivity Meter model PM-70C8. Measurements of water 
electrical conductivity were made within six hours of sampling, 
According to the procedures in Everett (1980).




Dissolved oxyqen is an important fantnr in the characterircticn of 
, the hydrochemical nature of water. The dissolved oxygen contents of 
groundwater may be sufficient to have enough oxygen to provide
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
considerable capacity for oxidation of many types of reduced 
consituents. Eh or pH values can be computed from measured values of 
dissolved oxygen (Freeze and Cherry 1979).
Dissolved oxygen was measured using a YS-I model 54 Dissolved Oxygen . 
meter according to the instruction manual. The amount of oxygen (mg/1), 
dissolved in air-saturated fresh water, corrected for atmospheric 
pressure, normally ranges from 8.5 to 8.9 mg/1. Water. samples in or 
above this range are termed as "saturated"; water samples below the 
range- are termed as "unsaturated".
4.2.4 Nitrates and Nitrites
Nitrates and nitrites in water samples were measured by the* 
turbidity method using a Pye Unicam Spectrophotometer and Hach NitraVer 
V Nitrate Reagent and-Hach NitriVer III Nitrite Reagent Powder Pillows, 
respectively, at a wavelength of 500nm for both anions. The nitrate 
test is a modification of the cadmium reduction technique using 
gentistic acid. The nitrite test uses chromatropic acid and sulfanilic 
acid as an indicator. In each case the transmissivity of the resultant 
solution is proportional to the concentration of the respective ion in 
the water sample (Hach 1975). 
fc
4.2.5 Lead, Zinc and Cadmium
Samples were analyzed using a Varian AA-175 Atomic Absorption 
Spectrophotometer, at wave-lengths of 217nm, 2l3.9nm and 228.2nm for 
lead, zinc and cadmium, respectively. Water samples were aspirated- 
directly. The detection limits in this study were 0.1 mg/1, 0.01 mg/1 
and 0.005 mg/1 for lead, zinc and cadmium, respectively.
Everett (1980) recommends that the water samples be preserved by 
lowering the pH to 2 with nitric.acid, and that the samples then have a 
shelf-life of six months. Samples in this study were preserved at a pH 
of less than 4. The samples were checked for deterioration by 
re-arialysis of samples containing high rnnrpntraMnne n f  z i r . c . Changes 
in these samples proved to be negligible over thirteen months.
A partial extraction technique was used on the soil and sediment 
samples for lead, zinc and cadmium analyzes. This technique has little
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effect on the metals bound in the silicate phase of the sediment 
materials but removes only surface adsorbed or precipitated metals from 
the sample (Oliver 1973). This results in the determination of the 
metals available to plants.
One gram of soil sample was accurately weighed and digested with a 
25ml mixture of concentrated nitric and hydrochloric acids (1:3) for one 
hour at 70 to 90°C. The suspension was filtered through a Whatman No. 4 ^  
paper into a 50ml volumetric flask and made to volume with further
extractions. This method is similar to those described by Aubert and
Pinta (1977), Smith and Atkinson (1975) and Oliver (1973).
Standards used in this study were, prepared from Fisher analytical 
standards. It was found that neither background correction for 
non-atomic absorption using the hydrogen lamp-nor matrix effects due to 
acicJ . residual or other elemental constituents' in the samples were 
significant to require these two corrections. This is in keeping with 
observations by A. Turek (personal communications), Oweru (1976) and 
Phelps (1978) as the samples are relatively simple in their chemical 
composition, in contrast to Lew (1978) who investigated brines, where 
both matrix and background effects were significant and had to be 
. corrected for.
During the course of the analytical work which spanded fourteen 
months, an inhouse standard of .water (Windsor tap water) was run to 
monitor the proceedure set-up. Minor amounts of zinc ( 0.02 mg/1) was
the only metal detected in the inhouse standard.
Analytical results are given for all samples in Appendices 2 
through 6.
4.2.6 Mercury
The technique for mercury analysis, termed cold-vapour atomic 
absorption was performed on the Varian Techtron AA-5 at wavelength 
253.6nm. The detection limit of mercury in this study was 0.07/jg/l. 
Soil samples were' treated as desprihpd in Turek 3nd Riddle (1977). All 
water samples were run within one month of their collections to avoid 
sample deterioration and contamination in the laboratory. As mentioned 
above, water samples were initially treated with sulfuric acid and
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potassium dichromate to prevent losses due to volatilization and 
adsorption on the glass (NREC 16739, 1979). The use of nitric acid to 
preserve samples is recommended by Everett (1980) and NRCC (1979). It 
was noted that this acid may enhance mercury loss. Sonasson et al. 
(1973), suggested the use of sulfuric acid as a preservative. It is 
possible to avoid the use of preservatives in the determination of 
aqueous mercury provided the samples are kept well-oxygenated by 
agitation and the samples are analyzed within 10 hours of collection 
(NRCC 16739, 1979).
4.2.7 Tritium
The tritium analyses were performed at the University of Waterloo 
in the Isotope Laboratory of the Department of Earth Sciences. The 
analyses were done by direct liquid scintillation counting of the water 
samples. • Results are expressed as tritium units (TU) and this method 
has a detection limit of approximately 8TU.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
33
5 .0  RESULTS AND DISCUSSION X
5.1, Stream, Well and Tile Drainage Samples
The quality of groundwater, as determined by its chemical and 
* \biological constituents determines its usefulness for industry, ' 
agriculture and the home. Industrial development provides opportunities 
for pollution of groundwater and consideration must Be given to protect 
its quality (Walton 1970). The study of groundwater quality involves a 
description of the occurence of the Various constituents in groundwater 
and the relation of these constituents to water use. Dissolved 
constituents in water provide clues to its geologic history, its 
influence on the soil or rock masses through which it has passed, the
presence of hidden ore deposits, and its mode of origin (Freeze and
•>
Cherry 1979; Bouwer • 1978; Walton 1970). The storage or disposal of 
industrial, agricultural and domestic wastes on or beneath the land 
surface is becoming increasingly common. This can be a hazardous 
practice since degradation of groundwater quality may result.
A summary of analytical results of stream, groundwater and tile 
drainage samples collected in Essex County over the thirteen month 
period are given in Appendices 7 through 14.
5 .1 .1  pH
pH indicates the balance between the acids and bases in water and 
is a measure of the hydrogen ion concentration in. Solution. pH values 
reflect the solvent power of the water thereby indicating its possible 
chemical reactions on rocks and soils. Natural fresh waters range from 
4 to 9 as controlled by the bicarbonate-carbonate system. Surface water 
generally tends to be more alkaline, whereas groundwaters are more 
acidic. A pH range from 6.5 to 8.3' pH units is acceptable in drinking 
water (McNeely et al. 1979).
, The pH of waters collected in Essex County are strongly infuenced 
by the calcareous nature of the region with the mean value for streams
b e in g  7. SA ± C.34 (n - 164) and wells, 7.31 + (J.40 (n = 70).
.The pH of all the stream samples ranged from 6.79 to 8.70. 
Seasonally, the pH did not vary more than'10?£ from the mean. When the
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data is grouped according to natural drainage patterns, the pH varied 
25?o or more from the mean in only 4 of the 11 basins. The decrease in
pH associated with Turkey Creek, near Windsor and Big Creek, near 
Amherstburg, may be the result of industrial pollution.
The range of pH values was from 6.72 to 8.68 for the well samples 
during the thirteen month study period. The greatest variation in pH 
occurred in April 1982. The most alkaline pH occurred in August 1982 
when stream discharge was low (Figure 14 and 15). The pH of the wells 
may have been elevated as a result of carbon dioxide escaping when the 
groundwater was exposed to the atmosphere (Freeze and Eherry 1979). The 
moderately high pH values are indicative of water high in bicarbonate 
(Davis and DeWiest 1966; Walton 1.97U).
The tile drainage samples had relatively lower pH values than those 
of the streams or wells. The pH range was from 6.84 to 7:63 with a mean
7.24 ± 0.30 (n = 5) for these samples. The lowest value occurred in 
a sample draining the soil characterized as a sandy loam.
5.1.2 Electrical Conductance
The conductivity measurement provides and indication of a water's 
ionic concentration and indirectly shows the changes in a water's 
composition. It is particularity sensitive to variations of dissolved 
solids (Brown 1963; Davis and DeWiest 1966; Hem 1970; Freeze and Cherry 
1979; McNeely et al. 1979). Previous studies of streams and wells in 
Essex County, outlined by Hicks (1980)', indicate a strong positive
relationship between total dissolved solids and electrical conductance.
Specific conductance in natural surface waters has been found to
range from 50 to 1500 uS/cm (McNeely et-al. 1979). Groundwater tends to
show eleveated specific conductance (Pilgrim et al. 1979; Everett
1980). The conductance in surface water is usually highest when 
groundwater infiltration provides a significant portion of the
streamflow and is lowest in the spring when waters from the spring 
snowmelt provide dilution.
The electrical conductivity of the stream samples ranges from 27 to 
1776 pS/cm with a mean of 826 ± 500 pS/cm (n = 165) for the thirteen 
month period. A seasonal trend in the area is clearly evident (Figure
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2 and 14). There is also a low positive'-correlation between the size of 
the drainage basin and'its electrical conductivity (r = 0.43). There is 
a deviation from this trend in the northwestern portion of Essex County 
where there is a larger population and greater industrialization.
The electical conductivity of the well samples ranged from 0.93 to 
4587 gS/cc with a mean of 860 * 904 pS/cm (n = 70). A negative
I correlation -between groundwater electrical conductivity and stream
discharge appeared in at least 70^ qf the wells; two wells in the 
northern portion of the county showed a positive c o r r e l a t i o n . *
The movement of groundwater in fractures in eviderit/ln a pair of 
well samples collected in April 1982. The two wells whose depth^varied 
by less than one metre, were sampled on the same property,, severqll tens 
of metres apart at Well Site 8. The well serving the household had a 
conductivity 3 times lower than the well which was once used for
livestock. * s ' ' "
The electrical conductivity of the tile drainage ranged from 397 to 
806 pS/cm with a mean of 538 ±1 6 8  pS/cm (n = 5). The low conductivity 
was associated with the water drained from the sandy loam. A strong 
positive correlation was determined for the relationship of the
conductance with the pH (r = 0.82). This relationship was also seen in 
the stream samples (r - 0.82) but was not evident in the wells sampled 
- (r = 0.73).
5.1.3. Nitrates and Nitrites
Nitrates are indicative of contamination of waters. Sources of 
nitrate include human and animal wastes, and fertilizers. -The 
recommended limit of nitrate-N in drinking water is 10 mg/1 (Bouwer
1978). The limit far protection of freshwater aquatic life is 0.3 mg/1
nitrate-N (Black 1977). Nitrites are more toxic to man and animals than 
nitrates and the recommended limit of nitrite-N in drinking water is 100 
pg/1 (Bouwer 1978). ,
The range of nitrate-N in the stream samples ever the thirteen 
month period was 0.1 to 10.0 mg/'l with a mean 2.7 ± 2.1 mg/1 (n = 165). 
Ninety-six percent of the -stream samples from Essex County exceed 
0.3 mg/1 (Figure 16). High nitrate-N values were consistantly found in






































































the Hillman-Muddy Creek basin. This area is predominantly sandy loam 
(Figure 6). MOE determined the susceptibility of groundwater to 
contamination in this area to be high (Figure 7). The highest nitrate-N 
levels were recorded in April 1982 when 80S of the samples exceeded
5.0 mg/1. Low values during this sampling period were confined to the 
northwest portion of the county which is not as intensely farmed.
The range of nitrite-N in the streams was from 0 to 90 pg/1 with a 
mean of 26 ± 18 pg/1 (n = 165). Nitrite-N levels exceed 50 pg/1 in 10S 
of the stream samples (Figure 16). High values were recorded 
predominantly in areas where the groundwater was reported as havi'ng a 
high susceptibility to contamination. Maximum levels of nitrite-N in 
the streams were found in samples collected in April 1982 form the area 
where the nitrate-N levels were low.
The range for nitrate-N in the streams over the thirteen month 
period was 0.1 to 6.3 mg/1 with a mean of 2.1 ± 1.6 mg/1 (n = 70). 
Nitrate-N levels exceeded 5.0 mg/1 in only 7% of the well samples 
(Figure 16), showing higher nitrate concentrations in the summer.
• Nitrite-N concentrations ranged from 0 to 109 ug/ml with a mean of
19 ± 21 jjg/ml (n = 70, Figure 16). Maximum levels were recorded in
April 1982. Two well samples exceeded the recommended limit for 
drinking water set at 100 pg/1 nitrite-N. One sample in the 
west-central part of the county also registered a high nitrate-N level 
indicating contamination of the well.
The level of nitrate-N and nitrite-N was higher in the steams than 
in the sampled w,ells. This relationship indicated that overland runoff 
is a major factor influencing the concentration of these ions and 
therefore there is some imput of surface waters in the shallow
groundwater. Substantial increases in the nitrogen compounds in the 
goundwater, at a single time, reflect pollution from such sources as 
domestic or barnyard waste or leaching of fertilizers. Clay particles 
strongly adsorb the nitrogen compounds and thus may contribute to the
attenuation of the m n r e n f  r a t  ions of these compounds in the a q u i f e r .  
There was a poor correlation between nitrate-N and nitrite-N 
concentrations in the stream (r = 0.61) and well (r = 0.60) samples 
taken in Essex County.
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The range of nitrate-N in the five tile drainage samples was from
1.1 to 11.0 mg/1-with a mean of 3.5 ±4. 2 mg/1. The range of nitrite-N 
was from 18 to 108 pg/1 with a mean of 41 ± 38 pg/1. The high values
for each ion were associated with the sandy loam sample. ^
5.1.4 Dissolved Oxygen
Although dissolved oxygen is an important factor in the 
characterization of the hydrochemical nature of groundwater, very few 
studies of dissolved oxygen in groundwater have been reported in the
literature. The organic-rich layer of the soil commonly removes most of 
the dissolved oxygen from infiltrating waters. It is reasonable to 
expect that the consumption of oxygen in the soil will vary depending on 
numerous factor^, such as the soil matter, frequecny of infiltration 
events, depth to water table, and temperature (Freeze and Cherry 1979). 
If the recharge area is in a 'sandy or gravelly soil, the shallow 
groundwater commonly contains detectable dissolved oxygen. This is a 
result of the low organics and rapid infiltration through the soil.
Dissolved oxygen is' usually not detected in shallow groundwater in
recharge areas in silty or clayey soils. In areas with little or no
soil, overlying permeable fractured rock, dissolved oxygen at detectable 
levels commonly persists far into , thle flow system —  the whole system 
may be oxygenated (Freeze and Cherry 197-9).
The level of dissolved oxygen was recorded' as saturated or
unsaturated in each water sample. The number of stream samples
saturated were proportionally higher when the stream discharge was high 
(Figure 14). The low streamflow and stagnation in the summer months
were reflected in these results.
Essex County is predominantly overlain with a clayey soil. It
would be expected therefore that the levels of dissolved oxygen are low
in‘well samples taken form the shallow groundwater. Dissolved oxygen
was present in all the well samples, although fewer were saturated with
respect to the stream samples. Well samnlp^ ma y have become oxygenated
«
as a result of sampling. Increased levels of dissolved oxygen in the 
groundwater may also .be the result of waters rapidly infiltrating along 
the fractures and fissures present in the clayey till.
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5.1.5. Lead
Lead was d e te c te d  in  o n ly  25% o f  the stream  samples (F ig u re  17, 18
and 19) and 18% o f  the  w e ll  sam ples (F ig u re s  20, 21 and 2 2 ). Where le a d
a  .•*
had been d e t e c t e d t h e  va lue  exceeded the l i m i t  s e t for_ d r in k in g  w ater
by 200%, w ith  a maximum o f  800% in  two stream  samples c o lle c te d  in
December 1981. Streams e x h ib ite d  lea d  le v e ls  which ranged from 0 .0  to
0 .4  mg/1 w ith  a mean o f  0 .0 4  *  0 -08  mg/1 (n  = 165 ). The h ig h e s t mean 
le a d  c o n te n t was a ss o c ia te d  w ith  the  H illm an-M uddy Creek b as in  (F ig u re  
2 3 ). '
Stream samples showed t h e i r  h ig h e s t va lues  in  December 1981 w ith
maximum re a d in g s  o c c u r r in g  in  stream s d ra in in g  sandy s o i l .  The absence 
o f  c la y  w hich  adsorbs the  m eta l r e s u lts  in  the  e le v a te d  v a lu e s . The
o ccu rrences  o f  h ig h  le a d  c o n c e n tra t io n s  in  the  s p r in g  to  the  w estern  
p o r t io n  o f  the  c o u n try  in d ic a te s  a i r  p o l lu t io n  as a p o s s ib le  so u rce . 
The in c re a s e  may have been th e  r e s u l t  o f  le a d -c o n ta m in a te d  dus t 
p a r t ic le s  s e t t l i n g  in to  fa l le n  snow. Once the  snow m e lts  in  the  s p r in g , 
a f lu s h  r u n o f f  o f  m e ta ls  and a s s o c ia te d  an ions  may o c c u r, r e s u lt in g  in  a 
sharp  in c re a s e  o f  m e ta ls  in  th e  s tre a m s. Jacobs (1983) no ted  th a t w inds 
in  Essex County show a n o r th e a s te r ly  flo w  in  the  s p r in g , and summer. 
These may t r a n s p o r t  p a r t ic u la te  m a tte r  from in d u s t r ia l  sources in  and 
around D e t r o i t .  Lead was n o t d e te c te d  in  stream s d u r in g  th e  summer 
m onths.
In c re ase s  in  the -amount o f  lea d  d e te c te d  in  December 1981 and 
December 1982 co rrespond  ,to  in c re a se s  in  p r e c ip i t a t io n  p r io r  to  sam pling  
(F ig u re  8 ) and th e re fo re  in c re a s e d  stream  d isch a rg e  (F ig u re  1 4 ). Lead 
accum ula ted  on road and s o i l  s u rfa c e s  because o f  s e t t l i n g  o f
le a d -c o n ta m in a te d  d us t can be c a r r ie d  o f f  by the  r u n o f f  to  stream  
ch a n n e ls .
The range o f  lead  found in  the  w e ll  samples was from  0 .0  to
0 .3  mg/1 w ith  a mean o f  0 .02  ± 0 .0 5  mg/1 (n = 7 0 ). M inor a m o un ts -o f 
le a d  were d e te c te d  in  w e ll  samples in  December 1981 p re d o m in a n tly  in  the  
s o u th e rn  p o r t io n  o f  the  r n i in t r v .  Lead '.‘.‘as cbccn t o r p re se n t in . o n ly  a
sm a ll f r a c t io n  o f  the  w e lls  sampled in  the  fo l lo w in g  12 m onths. There
was no le a d  d e te c te d  in  June 1982.
Lead was n o t d e te c te d  in  any o f  the  t i l e  d ra inage  sam ples.


















































FIGURE • 17. LEAD, ZINC, CADMIUM AND MERCURY IN STREAM SAMPLES
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FIGURE' 18. STREAMS EXHIBITING CONCENTRATIONS OF LEAD ABOVE THE 
0.03 mg/I PERMISSIBLE LIMIT 
( • above, O below.)
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FIGURE 19. RANGE OF LEAD, ZINC, CADMIUM AND MERCURY IN STREAMS
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FIGURE 2 1 ; WELLS EXHIBITING CONCENTRATIONS OF LEAD ABOVE THE 
0 .0 5  m g/l. PERMISSIBLE LIMIT 
. ( •  above, O b e lo w ).
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5 .1 -6  Zinc
The z in c  c o n te n t o f  the  stream s v a r ie d  from  0 .00  to  0 .43  m g /l w ith  
a mean o f  0 .0 2  ± 0 .05  m g /l (n  = 165, F ig u re s  17, 19 and 2 4 ). High z in c  
mean va lues  were a s s o c ia te d  w ith  the  H illm an-M uddy Creek b as in  as w e ll 
as the B ig  Creek b a s in  (F ig u re  2 3 ). The mean c o n te n ts  were 0 .04  ± 
0 .0 6  m g /l and 0 .05  ± 0 .08  m g /l r e s p e c t iv e ly .  .
T h i r t y - e ig h t  p e rce n t o f  the  stream  samples from  Essex County 
exceeded 0 .03  m g /l z in c ,  th e  l i m i t  s e t fo r  the  p ro te c t io n  o f  fre sh w a te r 
a q u a tic  l i f e  (F ig u re  2 4 ). H igh es t mean va lu e s  were found p re d o m in a n tly
in  the  w es te rn  p a r t  o f  the  c o u n ty , in d ic a t in g  th a t  a i r  p o l lu t io n  i s  a
(
p o s s ib le  s o u rc e . T h is  is  e s p e c ia l ly  p re v a le n t in  samples c o lle c te d  in  
A p r i l  1902 where .h ig h  le v e ls  o f  'Z in c  were found in  s tream  samples 
c o lle c te d  near th e  D e t r o i t  R iv e r .
No c o r r e la t io n  was found between lead  and z in c  c o n c e n tra t io n s  in  
th e  stream s ( r  = 0 .0 1 ) . Z inc  was o n ly  d e te c te d  in  6 s tream  samples 
c o l le c te d  in  'August 1982. Two o f  the samples in  the e a s te rn  p o r t io n  o f 
th e  coun ty  had r e la t iv e ly  h ig h  z in c  c o n c e n tra t io n s  o f  g re a te r  than 
0 .20  m g / l.  T h is  i s  b e l ie v e d . to  r e f le c t  c o n t r ib u t io n s  by g roundw a ter and 
.n o t  a p o l lu t io n  e f fe c t  s in c e  i t  r e f le c t s  the  c o n c e n tra t io n s  found in  the  
w e l l  sam ples.
The range o f  z in c  in  the  w e ll  samples was from  0.00* to  3 .22  m g /l
w ith  a mean o f  0 .38  ± 0 .5 5  m g /l (n = 70, F ig u re s  ,20 and 2 2 ) . V is u a l ly ,
the  seasona l v a r ia t io n  c o u ld  be p o s i t iv e ly  c o r re la te d  w ith  stream
d is c h a rg e  (F ig u re  14 ).
Z inc  c o n c e n tra t io n s  in  w e ll  samples in  Essex County were a l l  below
th e  p e rm is s ib le  l i m i t  o f  5 .0  m g /l fo r  d r in k in g  w a te r. Groundwater
samples o b ta in e d  from  w e lls  had z in c  c o n c e n tra t io n s  a t le a s t  one o rd ^ r
1/
o f  m agnitude g re a te r  th a t  the  c o n c e n tra t io n s  found in  s u rfa c e  w a te r. 
W e ll S ite  7 c o n s is te n t ly  showed t'he h ig h e s t z in c  c o n c e n tra t io n s  o f  the  
w e lls  sam pled. W e lls  sampled in  the* n o r th e a s t and the southw est 
q uadran t o f  Essex County had h ig h e r  mean z in c  va lu e s  than w e lls  in  the  
'no rthw est and so u th e a s t a u a d ra n ts . W e lls  in  the  sou thw est quadran t a rc  
s h a llo w e r and o v e r la in  by le s s  la c u s t r in e  c la y  than  those  in  the  
n o rth w e s t q u a d ra n t. ' V a r ia t io n s  in  the  s u r f i c i a l  geo logy are
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FIGURE 24. STREAMS EXHIBITING CONCENTRATIONS OF ZINC ABOVE THE 
0.03 mg/l PERMISSIBLE LIMIT 
( •  above,O below).
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i n s u f f i c i e n t  to  account fo r  the  d iv e rg e n t z in c  va lues ( f ig u r e  4 ) .  The 
m a jo r i ty  o f  w e lls  sampled were in  a reas where HOE de te rm ined  the  
g roundw a te r to  have a low s u s c e p t ib i l i t y  to  c o n ta m in a tio n  (F ig u re  7 ) . *  
No c o r r e la t io n s  co u ld  be e s ta b lis h e d , between lea d  and z in c  c o n c e n tra t io n
•V .
in  the w e lls  samples ( r  = 0 . 0 1 ) .
Z inc was d e te c te d  in  o n ly  one . t i l e  d ra inage  sam ple.
5.1.7 Cadnium *
Cadmium was d e te c te d  in  a l l  bu t 29 stream  samples (F ig u re  17) w ith  
a range o f  0 .000 to  0 .027  m g / l.  The means fo r  the  t o t a l  samples and fo r  
each sam p ling  p e r io d  were the  same a t 0.01 ± 0.01 m g /l (n = 165, F ig u re  
1 9 ). T h is  would in d ic a te  th a t  o n ly  background le v e ls  'o f  cadmium are  
be ing  d e te c te d .
The le v e l  o f  cadmium d e te c te d  in  s tream s in  Essex County exceeded
th e  l i m i t  o f  Q .0QQ2 m g / l s e t to  p ro te c t  a q u a tic  o rgan ism s, by up to  300%
(F ig u re  2 5 ) . I t  appears th a t  the  stream s in  Essex County have n a tu r a l ly
h ig h  le v e ls  o f  cadmium. H igh le v e ls  o f  cadmium were d e te c te d  in  samples
taken near s i te s  hav ing  h ig h  d a i ly  d r a f f i c  volum e, b u t t h is  tre n d  v a r ie d
s e a s o n a lly .  No c o r r e la t io n  co u ld  be e s ta b lis h e d  between the  cadmium
le v e ls  and those  o f  lead  ( r  = 0 . 0 0 ) and z in c  ( r  = 0 . 0 0 ) in  the  s tream s.
The c o n c e n tra t io n s  o f  cadmium in  w e lls  o f  Essex County were s im i la r
to  those  de te rm ine d  in  the s tream s. Cadmium was d e te c te d  in  a l l  w e lls
samples however no s e a s o n a lity  in  i t s  d is t r ib u t io n  o r c o r r e la t io n  w ith
le a d  ( r  = 0 .0 0 ) and m ercury  ( r  = 0 .1 3 ) co u ld  no t be e s ta b lis h e d . A poor
O'-
c o r r e la t io n  was d e te rm in e c K w ith  z in c  ( r  = 0 .61).. The mean le v e l o f 
cadmium was de te rm ined  to  be 0 .01  ± 0.01 m g /l (n  = 70, F ig u re s  20 ,22  and 
2 6 ) . The 'cadmium le v e ls  in  the  t i l e  d ra in a ge  samples were s im i la r  to 
those  in  th e  stream  and w e ll sam ples.
*
5.1.8 Mercury
M ercury  showed the la rg e s t  v a r ia t io n  in  m eta l c o n te n t fo r  th e
s tream s. The ranqe o f  m ercury was from  D.nn tn  1 .60  pg /1  w ith  o moan o f 
Ot/31 ± 0 .56  p g /1  (n = 165, F ig u re  1 8 ).
M ercury was d e te c te d  p re d o m in a n tly  in  stream  samples o b ta in e d  from
th e  w es te rn  p o r t io n  o f  Essex C ounty. T h ir ty -s e v e n  p e rce n t o f the
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FIGURE 25. STREAMS EXHIBITING CONCENTRATIONS OF CADMIUM ABOVE THE 
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( •  above, O b e lo w ).
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FIGURE 26. WELLS EXHIBITING CADMIUM CONCENTRATION ABOVE THE 0.1 mo/1  
PERMISSIBLE LIMIT 
( •  above, O b e lo w ).
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samples exceeded th e  0 .2  ug /1  l i m i t  se t to p ro te c t  a q u a tic  l i f e  (F ig u re s
17 and 2 7 ). A l l  s tream  samples c o lle c te d  in  June 1982 exceeded t h is
l i m i t ,  when th e  range o f  m ercury c o n c e n tra t io n s  was from 0 .27  to
3 .60  p g /1 . Due to  the  h ig h ly  v o la t i l e  n a tu re  o f  m e rcu ry , the in c re a s e d  
le v e ls  o f  the e lem ent in  June c o u ld  e a s i ly  have d is ip a te d  in to  the 
a tm osphere. ,
The h ig h  c o n c e n tra t io n s  o f  m ercury are n o t r e f le c te d  in  s o i l  and 
sedim ent sam ples. The w ind  shows a 'n o r th e a s te r ly  flo w  in  the s p r in g  and 
summer (Jacobs 1983). M ercury con tam ina ted  d u s t, as a r e s u lt  o f  
em iss ions from s m e lte rs  and in c in e r a t io n s  o f  waste in  the in d u s t r ia l  
m idw este rn  U n ite d  S ta te s  is  a p o s s ib le  source o f  the  m ercury d e te c te d  in  
the  s trea m s. No c o r r e la t io n  c o u ld  be e s ta b lis h e d  between the  le v e l o f  
m ercury in  the  s tream s and th a t  o f  lead  ( r  = 0 .0 3 ) ,  z in c  ( r  = 0 .2 7 ) o r 
cadmium ( r  = 0 .0 4 ) .
The range o f  m ercury in  th e  w e ll samples was from  0 .0 0  to  0 .36  p g /1  
w ith  a mean o f  0 .1 0  ± 0*15 ug/1  (n  = 70, F ig u re  2 0 ). M ercury was 
d e te c te d  in  le s s  than 50?5 o f  the  w e ll sampes from Essex County (F ig u re  
2 2 ). The presence o f  m ercury appeared to  be r e s t r ic t e d  to  the  n o r th e rn  
h a l f  o f  the  co u n ty , h o w e v e rc o n c e n tra t io n s  d id  no t exceed the  2 .0  p g / 1  
l i m i t  s e t fo r  d r in k in g  w a te r . No c o r r e la t io n  co u ld  be e s ta b lis h e d  
between the  le v e l o f  m ercury in  the  w e lls  and th a t o f  lead  ( r  = 0 .0 8 )
and cadmium ( r  = 0 .1 3 ) .  A poor c o r r e la t io n  was d e te rm ined  w ith  the  z in c
c o n c e n tra t io n  in  the  w e ll ( r  = 0 .6 7 ) .
M ercury was no t d e te c te d  in  any o f  the t i l e  d ra in a ge  sam ples.
5.1.9 Tritium
T r i t iu m  is  the  s h o r t - l i v e d  is o to p e  o f  hydrogen (Tj. = 12.26 y r s ) ,  
h a v in g  a mass o f 3, w hich ’decays by e m it t in g  weak be ta  r a d ia t io n .  
T r i t iu m  is  ,ftroduced n a tu r a l ly  in  the  atmosphere when cosm ic p a r t ic le s  
(p ro to n s  and n e u tro n s ) in t e r a c t  w ith  n it ro g e n ,  oxygen and argon 
(V ino g ra do v  e t  a l .  1968). T r i t iu m  c o n c e n tra t io n s  are expressed in  
t r i t i u m  u n i ts  (T U ), w ith  1TII = T/w -  10- 10 . Tu^-t i 50tope  u f  hydrogen 
i s  p ro b a b ly  the bes t t r a c e r  fo r  s h o r t d is ta n c e s  and tim e  because i t  is  
p a r t  o f  the  w a te r and th us  fo l lo w s  i t  th rough  chem ica l and p h y s ic a l 
changes.
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i .
B e fo re  1953 the  t r i t i u m  c o n te n t o f  the p r e c ip i t a t io n  was p u re ly  o f 
cosmic ray  o r ig in  and was much low e r than the  t r i t i u m  c o n c e n tra t io n s  
observed s in c e  the  f i r s t  a tm o sph e ric  the rm onuc lea r te s ts  (D i'ncer e t 
a l .  1974). Pre-bomb t r i t i u m  va lu e s  in  p r e c ip i t a t io n  ranged from 5 to  20 
TU (F reeze  and C he rry  1979). Therm onuclear te s t in g  in  the  1950 's  and 
the  1960 's  in c re a s e d  the  le v e ls  c o n s id e ra b ly  and reached a peak between 
1963 and 1964 when the average va lued  exceeded s e v e ra l thousand T U 's . 
M inor amounts o f  t r i t i u m  are  b e ing  re le a s e d  c u r r e n t ly  as a r e s u lt  o f  
i n d u s t r ia l  a c t i v i t i e s  (UNESCO 1973). Today, average c o n te n ts  in
p r e c ip i t a t io n  a re  near 100 TU (D e s a u ln ie rs  e t  a l .  1981). The h is to r y  a f -  
t r i t i u m  in  p r e c ip i t a t io n  is  re p o r te d  in . F ig u re  28. . ' ■
I t  i s  p o s s ib le  to  i d e n t i f y  w a te r i n f i l t r a t i o n  s in c e  1953 w ith  
t r i t i u m .  W aters w h ich - i n f l i t r a t e d  p r io r  to  1952 a re  expected  to be. - 
below  3 TU and would be below the  d e te c t io n  l im i t  used in  t h is  s tu d y .
P re v io us  s tu d ie s  near Woodslee by D e s a u ln ie rs  e t/ j a l ■ (•1981^', 
in d ic a te  . th a t  th e  s h a llo w  g roundw a te r is  re p re s e n ta t iv e  o f  w a te r th a t 
o r ig in a te d  under p re s e n t-d a y  ^ c o h d it io n s , whereas the  deep g roundw ater 
(be low  5m) o r ig in a te d  under c o ld  c l im a t ic  c o n d it io n s ,  p ro b a b ly  o f  the 
e a r ly  Holocene o r la t e  P le is to c e n e .
T r it iu m  was d e te c te d  in  o n e -h a lf  o f  the w e lls  sam pled. The range
4 *
o f  t r i t i u m ‘ in  these  w e lls  was .'from  +14 T U 'to  +101 TU (F ig u re  ? 9 ). No 
t r i t i u m  was d e te c te d - in  areas where the groundw ater was de te rm ined  to 
have a Ibw ^sy^ 'cep t a b i l i t y  to  „ c o n ta m in a tio n  (F ig u re  5 ) .  No c o r r e la t io n  
c o u ld  be ,jJ&awn from  th e  depth o f  the  w e ll and i f  t r i t i u m  would  be 
d e te c te d . ■
The w a te rs  w ith  h ig h  t r i t i u m  c o n te n ts  found in  t h i s  s tu d y  are 
o b v io u s ly * o f  re c e n t o r ig in .  The h ig h  t r i t i u m  va lues  in *  the  w e ll  w ater 
c o u ld  be the  r e s u l t  o f  ra p id  i n f i l t r a t i o n  o f  w a te rs  th ro ug h  the  c la ye y  
t i l l  by means o f  f r a c tu re s  and f is s u re s .  The v a r ia t io n s  in  the  
s u r f i c i a l  g e o lo g y /' a re  in s u f f i c i e n t  to  account fo r  the  £ t i t iu m  va lues  
(F ig u re  5 ) .  ■ „  .-r # f . •
A q e n e ra l com oarison o f  the  nhprni,Ca l c o m p o s itio n  o f  the w e lls  
s tu d ie d  fo r  t r i t i u m  was made u s in g  a m o d if ie d  S th o e lle r  d iagram  (Mazor . 
1976; IMESCO 1973). These d iagram s in d is ^ te  th a t those  samples w ith  h ig h
/  3 . ' '
m ■ k
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t r i t i u m  a ls o  c o n ta in e d  h ig h e r z in c  and n i t r i t e - N  c o n c e n tra t io n s  as- 
compared to  those w e lls  w ith  w hich t r i t i u m  was not d e te c te d  (F ig u re s  30 
and 3 1 ). Seasonal v a r ia t io n s  in  t h e i r  c o n c e n tra tio n s  were a lso  n o te d . 
Th is  may in d ic a te  th a t  seasona l v a r ia t io n s  m igh t a lso  be expected  in  the  
t r i t i u m  le v e ls .  Th is p o s s ib le  v a r ia t io n  co u ld  not be a t t r ib u te d  to 
v a r ia t io n s  in  p r e c ip i t a t io n  or changes in  the  source  o f  the w a te r. The 
e le v a te d  le v e ls  o f  z in c  may be the  r e s u lt  o f  t h is  e lem ent d is s o lv in g  
from  'th e  g a lv a n iz e d  s u rfa c e  o f th e  w e l l .  The h ig h  n i t r i t e - N  le v e ls  
in d ic a te  c o n ta m in a tio n  o f  the  w e l l  by f e r t i l i z e r s  o r w astes . I f  a w e ll 
i s  im p ro p e r ly  Sealed in  th e  a n n u la r space between th e  ca s in g  and the  
bore  h o le , c o n n e c tin g  zones o f  d i f f e r e n t  w ater q u a l i t y ,  p o l lu te d  w ater 
can move a long  the  e x te r io r  o f  the  w e ll  qas ing  and e n te r the  w e l l .  In  
a d d it io n ,  i f  p ro v is io n s  are not made to  d iv e r t  s u rfa c e  w ater away from 
the  w e l l ,  i t  can d ra in  downwards in to  the  w e l l .
5 .2  S o i l  and Sedim ent >
The ch em ica l e lem ents in  s o i l s  o r ig in a te  from rock  m in e ra ls , 
r a i n f a l l ,  f e r t i l i z e r s  or e n v iro n m e n ta l p o l lu t io n  w h ile  t h e r i  
c o n c e n tra t io n  and c o m b in a tio n  w i th in  the, s o i l  a re  de te rm ined  by the 
s o i l ' s  in t e r n a l  c l im a te ,  to g e th e r  w ith -  p a re n t m a te r ia l ,  s i t i n g  and 
b io t i c  fa c to rs  (S m ith  and A tk in s o n  1975). Water tends to  leach  elem ents 
from  the  s u rfa c e  la y e rs  to  low er s o i l  la y e rs ,  w h ile  the a c t io n  o f  p la n t  
ro o ts  and v a s c u la r  systems is  to  t ra n s p o r t  m in e ra ls  from low er s o i l  
la y e rs  and d e p o s it them on th e  s u rfa c e  v ia  fa l le n  b ranches , leaves and 
f r u i t  (J a w o rs k i 1979). Stream sed im en ts  are  a com posite  o f  the s o i l  and 
overbu rden  and a re  not marked by seasona l f lu c tu a t io n s  (Webb 1974). 
S o i l  re a c t io n s  may va ry  a cco rd in g  to  season (S m ith  and A tk in s o n  1975) 
bu t v a r ia t io n s  are g e n e ra lly  le s s  pronounced than fo r  w a te r as^a r e s u lt  
o f  th e - b u f fe r in g  a b i l i t y  o f  the  s o i l s .
A summary o f  a n a ly t ic a l  r e s u lt s  o f  s o i l  and sedim ent samples 
c o l le c te d  in  Essex County is  g ive n  in  Appendices 15 and 16.
5 .2 .1  pH
Hesse (1971) s ta te s  th a t  the pH va lu e  o f s o i ls  is  the most 
im p o rta n t s in g le  measurement, n o t th a t  i t  shows a s o i l  to be a c id  o r
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a lk a l in e  bu t in  th e  in fo rm a t io n  i t  g iv e s  about a s s o c ia te d  s o i l  
p ro p e r t ie s .  The more a c id  th e  s o i l  i s ,  th e  more m o b ile  e lem ents such as 
i r o n ,  z in c  and o th e r  m inor e lem ents w i l l  become.
The pH is  s ig n i f i c a n t  in  c o n t r o l l in g  the  p r e c ip i t a t io n  o f
h y d ro x id e s . Many o f  the heavy m e ta ls  have q u ite  in s o lu b le  h y d ro x id e s .
Heavy a p p lic a t io n s  o f  these  m e ta ls  may r e s u l t  in  s a tu ra t io n  o f
a d s o rp t iv e  s i te s  in  the  s o i l  and lead  to  p r e c ip i t a t io n .  Table 2 g iv e s
the  s o lu b i l i t y  p ro d u c ts  o f  some o f  the  compounds which m igh t be expected 
*
to  form  in  s o i ls  ( E l l i s  197 3 ). Even though these h yd ro x id e s  are ve ry  
in s o lu b le ,  Mother even more in s o lu b le  compounds may e x is t  in  s o i l s .
The method o f  d e te rm in in g  the  pH o f  the s o i l  may in f lu e n c e  
r e s u lta n t  m easurements. t Hesse (1971) found th a t  the  h ig h e r  the  
p ro p o r t io n  o f  w a te r , the  h ig h e r  the  pH va lu e  te n d e d 'to  be. Sm ith  and 
A tk in s o n  (1 9 7 5 ), however, found th a t  in c re a s in g  d i lu t io n s  tended to  
s h i f t  the  pH more tow ards  n e u t r a l i t y .  In t h is  s tu d y , the  pH o f  s o i l  and 
sedim ents o f  Essex County tended to  in c re a s e  w ith  in c re a s e d  d i lu t io n s .
The pH o f  the  s o i l s  ranged from 7 .23  to  9 .4 5  w ith  a mean o f  8 .54  ± 
Q .49(n  = 6 9 ) . The pH o f  th e  sedim ent ranged from  7 .03  to  9 .3 0  w ith  a 
mean o f  3 .75  ± 0 .4 4  (n = 4 0 ) . The pH i s  g re a t ly  in f lu e n c e d  by the 
c a lca re o u s  n a tu re  o f  the s o i l  and sed im en t. In both  cases, the pH 
va lu es  d r i f t e d  tow ards in c re a s e d  a l k a l in i t y  w h ile  measurements were 
b e ing  ta k e n . O rgan ic  s o i l  and sedim ent had the  h ig h e s t mean pH w ith  
va lues  o f  8 .79  and 8 .9 1 , r e s p e c t iv e ly .  C lays had s l i g h t l y  low e r pH 's a t 
8 .63  fo r  s o i l  and 8 .8 6  fo r  se d im e n t. C e r ta in  s o i l s ,  such as heavy c la y s  
and o rg a n ic  s o ils ,h a v e  g re a te r  re se rve s  o f  a c id i t y  than sands and are 
s a id  to  be w e ll  b u ffe re d  (Hesse 1971). The h ig h  ca lc iu m  and magnesium 
c o n te n t o f  the  s o i l s  in  Essex County and the  h ig h  s o i l  to  w ater r a t io  o f 
1 :100 re s u lte d  in  the a lk a l in e  pH v a lu e s .
5 .2 .2  E le c t r ic a l  C o n d u c tiv ity
The c o n d u c t iv i ty  va lu es  o f  s o i l  e x t ra c ts  w i l l  a ls o  depend upon the 
r a t io  o f  s o i l  to  w a te r (Hesse 1971). Tho nrUy s ig n i f i c a n t  e f fe c t  o f 
s o i l  type  is  a broad zone o f  m o d e ra te ly  h ig h  c o n d u c t iv i t ie s  over w e ll 
d ra in e d  s o i l s .  These are  p re d o m in a n tly  loam( sandy loam and sandy s o i ls  
w ith  c o n d u c t iv i t ie s  o f  8 7 .3 , 6 6 .0  and 6 5 .6  pS/cm, r e s p e c t iv e ly .  The
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same r e la t io n s h ip  is  e v id e n t in  the sed im en t, but the  c o n d u c t iv i ty  
v a lu e s  are  on average 50% low er fo r  _ each s o i l  ty p e . The e le c t r ic a l  
c o n d u c t iv i t y  o f  the  s o i ls  ranged from  16.6  to  238.1 pS/cm w ith  a mean o f
53 .7  *  33 .3  pS/cm (n  = 6 9 ) . The conductance o f  the  sedim ent ranged from
5 .9  to  185.1 uS/cm w ith  a mean o f  29 .6  ± 2 9 .0  pS/cm (n = 4 0 ). .The 
changes in  c o n d u c t iv i t ie s  are no t r e la te d  to  the  tra c e  m e ta ls  s tu d ie d , 
th e y  are more l i k e l y  due to  v a r ia t io n s  in  m ajor e lem en ts . No 
r e la t io n s h ip  co u ld  be e s ta b lis h e d  between the  c o n d u c t iv i t ie s  o f a s o i l  
Sample taken near the  headwater o f  a stream  and the  c o n d u c t iv i ty  o f  the 
stream  sedim ent ( r  = 0 .3 4 , F ig u re  3 2 ). T h is  in d ic a te s  th a t ve ry  
d i f f e r e n t  fa c to rs  are in f lu e n c in g  these  c o n d u c t iv i t ie s .
5 .2 .3  Trace M eta ls
The v a r ie d  in d u s t r ia l  and a g r ic u l t u r a l  h is to r y  o f Essex County has 
r e s u lte d  in  th e  e x is te n c e  o f  many s m a ll-s c a le  p a tte rn s  in  tra c e  m eta l 
c o n c e n tra t io n s .  A ccum u la tions  o f  m eta l o ccu rre d  near urban areas 
a d ja c e n t do h ighw ays, re g a rd le s s  o f  s o i l  ty p e . Most m e ta ls  in c re a s e d  
w ith  in c re a s in g  c la y  o r o rg a n ic  m a tte r c o n te n t o f  the  s o i l s .  These 
o b s e rv a tio n s  tend  to  -con firm  th a t  the  c o n t r ib u t io n s  o f  s e le c te d  tra c e  
m e ta ls  are d i r e c t ly  in f lu e n c e d  by the  la rg e  s u rfa c e  area p ro v id e d  by the  
f in e r - s iz e d  s o i l  and sedim ent p a r t ic le s  (T y le r  1981; S te e le  and C ough lin  
1982). The r e la t iv e  t o x i c i t i e s  o f  d i f f e r e n t  m eta l ions  may be m o d if ie d  
by s o i l  c o n d it io n s .  Im p o rta n t fa c to rs  a re  s o i l  a c id i t y ,  and base
i
s a tu r a t io n ,  amount and p ro p e r t ie s  o f  s o i l  o rg a n ic  m a tte r  and c la y  
m in e ra ls , and in te r a c t io n s  w i t h ‘‘'iq o rg a n ic  c o n s t i tu e n ts  in c lu d in g  o th e r 
•m e ta l io n s . The t o x i c i t y  o f  a g ive n  m eta l io n  is  a lways much low er in  
s o i l  than in  w ater s o lu t io n  due to  c o m p e tit iv e  a d s o rp tio n  o f  the m eta l 
io n  by s o i l  o rg a n ic  and in o rg a n ic  c o l lo id s  (T y le r  1981).
The economic ' geochem ist i s  most in te re s te d  in  the  geochem ica l 
anom alies g re a te r  than X + 2s. E n v iro n m e n ta lly , any substance  th a t is  
common o r fo re ig n  to  s o i l  system s, w hich by i t s  presence causes adverse 
e f f e c t s ,  d i r e c t l y  n r in d i r e c t l y ,  on the  p r o d u c t iv i t y  o f  the  s o i l  is  
co n s id e re d  to  be a p o l lu ta n t  (S ie g e l 1974). The c r i t e r i a  se t fo r th  by 
the  economic geochem ist may be used to  in v e s t ig a te  p o s s ib le  p o l lu t io n  
e v e n ts . The presence o f  c o n c e n tra t io n s  g re a te r  than 2s may not produce
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adverse  e f fe c ts  on the  s o i l ' s  p r o d u c t iv i t y  but may be used to  in d ic a te  
a reas where adverse c o n d it io n s  can o r a re  d e v e lo p in g .
5.2.3.1 Lead
S o ils  in  Essex County e x h ib ite d  lea d  le v e ls  th a t  ranged from 0 .0  to
13 .2  mg/kg w ith  a mean o f  3 .62  *  2 .26  mg/kg (n = 69; F ig u re s  33 and 
3 4 ) . .  Lead c o n te n t o f  sed im en ts  v a r ie d  from 0.Q to  14.8  mg/kg w ith  a 
mean o f  2 .32  ± 2 .56  mg/kg (n  = 40; F ig u re s  35 and 3 6 ). High lead le v e ls  
in  s o i l  and se d im e n t, exceed ing  2 s ta n d a rd  d e v ia t io n s  from the mean, 
were near s i t e s  hav ing  h ig h  d a i ly  t r a f f i c  volumes (F ig u re s  37 and 3 8 ). 
One u n u s u a lly  h ig h  lea d  le v e l was lo c a te d  in  sed im ents near McGregor. 
Upon c lo s e r  e xam in a tion  i t  was d is c lo s e d  th a t  a sewage lagoon was, 
p re s e n t a p p ro x im a te ly  250m upstream  from  the  sam p ling  s i t e .  No 
c o r r e la t io n  was found between le a d  le v e ls  in  th e  sedim ebt and in  the  
w a te r column above the  sedim ent ( r  = 0 .0 4 ) .  The mean lead  co n te n t o f 
sandy sedim ent and sandy loam s o i l ,  w ith  va lu es  o f  4 .15  and 4 .17  m g/kg, 
r e s p e c t iv e ly ,  • were h ig h e r than fo r  o th e r  s o i l  ty p e s . San'dy s o i ls  
c o n ta in  l i t t l e  m a te r ia l capab le  o f ,  b in d in g  the  lea d  and thus r e s u lt  in  
h a v in g  more le a d  a v a i la b le  to  th e  p la n ts  (J a w o rs k i 1979).
5.2.3.2 Zinc
The z in c  c o n te n t in  the  s o i ls  from  Essex County v a r ie d  from 0 .4 4  to  
4 8 .10  mg/kg w ith  a mean o f  8 .12  ± 6 .43  mg/kg (n  = 69; F ig u re s  33 and 
3 4 ). The z in c  c o n te n t o f  th e  sed im ents  v a r ie d  from  1 .06  to  41 .10  mg/kg 
w ith  a mean o f  9 .99  *  7 .12  mg/kg (n  = 40, F ig u re s  35 and 3 6 ). Z inc 
a ccum u la tion  was e v id e n t in  s o i l s  and sedim ent samples taken  near s i te s  
hav ing  h ig h  d a i ly  t r a f f i c  (F ig u re s  37 and 3 8 ). A s tro n g  c o r r e la t io n  
between lea d  and z in c  was e s ta b lis h e d  in  the  s o i l s  ( r  = 0 .9 8 ) ,  however, 
o n ly  a m oderate c o r r e la t io n  was de te rm ined  in  the  sed im ent ( r  = 0 .6 1 ) .  
Two u n u s u a lly  h ig h  z in c  le v e ls  o ccu rre d  in  the Am herstburg area in  
o rg a n ic  s o i l  and sedim ent sam ples. The s o i l  sample was taken near the  
e n tra n c e  to  a q u a rry  where an e x tre m e ly  h ig h  le v e l  o f  t r u c k  t r a f f i c  was 
r e g is t e r e d . ^  The sedim ent sample was taken near the  e n t ra n c e  f n  H n iid a y  
Beach P r o v in c ia l  Park.
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( •  above, O belowO.
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
71
LEAD (m g/kg) ZINC ( m g /k g )
CADMIUM (m g/kg) Me r c u r y  (^g /k g )
to 20  30
: \
FIGURE^ SEDIMENTS’  EXHIBITING CONCENTRATIONS OPNrEAD, ZINC, CADMIUM
' AND MERCURY ABOVE 2SD
/  ( •  above, O b e lo w ). '
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
72
5.2.3.3 Cadnium
The cadmium c o n te n t o f  the s o i ls  ranged from  0 .0 0  to  0.41 m g/kg ; 
th e  mean was 0 .1 4  ± 0 .0 6  mg/kg (n  = 69; F ig u re s  33 and 3 4 ). The cadmium 
c o n te n t o f  the  sed im en t ranged from 0 .00  to  0 .23  m g/kg w ith  a mean o f 
.0 .1 0  ± 0 .05  mg/kg (n  = 40; F ig u re s  35 and 36).
The mean cadmium c o n te n t o f  the  d i f f e r e n t  s o i l  types in  Essex 
County v a r ie d  ve ry  l i t t l e .  T.wo h ig h  cadmium le v e ls  observed a t S o i l  
S ite  21 and Sedim ent S ite  29 may be a t t r ib u te d  to the  use o f  phosphate 
f e r t i l i z e r s ;  the  h ig h  cadmium le v e l a t S o i l  S i te  15 c o r re la te s  w ith  a 
h ig h  z in c  c o n te n t and may be a t t r ib u t e d  to  h ig h  v e h ic u la r  t r a f f i c  in  the 
a rea  (F ig u re s  37 and 3 8 ).
Cadmium i s  c h e m ic a lly  s im i la r  to  z in c ,  and f re q u e n t ly  d e r iv e d  from 
th e  same so u rce . A s t r o n g ' r e la t io n s h ip  between the  two e lem ents was 
e s ta b lis h e d .  A s tro n g e r  c o r r e la t io n  was ey^jdent w ith  the le v e l o f  z in c  
( r  = 0 .9 8 ) and le a d  ( r  = 0 .8 6 )  in  the  s o il-  than  the  le v e ls  o f  z in c  ( r  = 
0 .9 4 ) ^nd  le a d  ( r  = 0 .6 9 ) in  the  sed im en t.
5.2.3.4 Mercury
The m ercury c o n te n t o f  the  s o i l  and sedim ent in  Essex County was 
ve ry  low compared to  th e  o th e r  m e ta ls  s tu d ie d .  In s o i ls  the  m ercury
i '
ranged from 0 .00  to  27.31 p g /k g ; th e  mean was 1 .39  ± 3.96 p g /k g , w h ile
th e  median c o n te n t was 0 .2 3  p g /kg  (n  = 69; F ig u re s  33 and 3 4 ). The
m ercury c o n te n t o f  the  sed im ents  ranged from 0 .0 0  to  1 .04  p g /k g ; the
mean was 0.31 ± 0 .3 0  p g /k g , w h ile  th e  median c o n te n t was 0 .29  p g /k g
(n = 40; F ig u re s  35 and 3 6 ) . The maximum le v e ls  d e te c te d  were o n ly  
*
27.31 p g /kg  in  a c la y  and 15 .05  p g /kg  in  an o rg a n ic  s o i l .  These 
r e la t i v e l y  h ig h  va lu es  may be the  r e s u l t  o f  p as t use o f  m e rc u r ic  and 
m ercurous s a lt s  as - ro o t d ip  fo r  ve g e ta b le  crops  and a fu n g ic id e  fo r  
seeds (F ra n k  e t  a l .  1976 ). M ercury va lu ds  fo r  the  sedim ent w ere, on
ft
ave rage , 60?.S lo w e r than  fo r  a s s o c ia te d  s o i l  ty p e s . T h is  may be the  
r e s u l t  o f  m ercury be ing  co n v e rte d  by n a tu ra l p rocesses in to  e x tre m e ly  
to x ic  compounds (m e th y la te d  m e rc u r ia ls )  and thus e n te r in g  the food ch a in  
o f  the  a q u a tic  env ironm en t (NRCC 16739, 1979). O rganic s o i ls  had h ig h e r 
m ercury le v e ls  than  m in e ra l s o i ls  (F ig u re s  37 and 3 8 ).
The c o n c e n tra t io n s  o f  m ercury de te rm ined  in  the  s o i l  samples were 
s t r o n g ly  c o r re la te d  w ith^ le a d  ( r  = 0 .9 8 ) and z in c  ( r  = 0 . 8 9 ) ; ’ the
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c o r r e la t io n  w ith  cadmium was much low e r ( r  = 0 .5 9 ) .  A s tro n g
c o r r e la t io n  was a lso  e s ta b lis h e d  in  the  sedim ent samples between the  
c o n c e n tra t io n  o f  m ercury and th a t  o f  z in c  ( r  = 0 . 9 9 ) and lead
( r  = 0 .7 8 )  j  no c o r r e la t io n  was de te rm ined  w ith  cadmium ( r  = 0 .3 2 ) .
/
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6 .0  CONCLUSIONS AND RECOMMENDATIONS
6 .1  Conclusions ,
The c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and m ercury f re q u e n t ly
exceeded th e  l im i t s  se t fo r  these  m e ta ls  fo r  the  p ro te c t io n  o f
fre s h w a te r a q u a tic  l i f e  in  the  s e le c te d  stream s o f  Essex County sampled
a t base f lo w  c o n d it io n s .  . T h is  tre n d  is  i l l u s t r a t e d  in  Table_ 3. The
mean c o n c e n tra t io n s  o f  the  m e ta ls  d u r in g  the  s tu d y  p e r io d  were
0 .0 4  m g/1, 0 .0 2  m g/1, 0 .009  nig/1 and 0 .31 pg/1  fo r  le a d , z in c ,  cadmium
and m ercury , r e s p e c t iv e ly .  Trace m eta l c o n c e n tra t io n s  exceeding the
l im i t s  s e t fo r  the  p ro te c t io n  o f  fre s h w a te r a q u a tic  l i f e  were
«•
p re d o m in a n tly  found in  the  w estern  p o r t io n  o f  Essex County in d ic a t in g  
p o l lu t io n  as a p o s s ib le  source  o f  th e  m e ta ls .
A s e a s o n a lity  was e v id e n t in  the  d is t r ib u t io n  o f the tra c e  m eta ls  
in  the  stream s w ith  in c re a s e d  le v e ls  in  the  s p r in g  as a r e s u l t  o f
^m e lting  and subsequent r u n o f f  from con tam ina ted  snow and the  use o f 
f e r t i l i z e r s .  The r e s u lta n t  mean c o n c e n tra t io n s  in  the  s p r in g  were
0 .07  m g/1, 0 .04  mg/^L, 0.01 mg/1 and 1 .07  pg /1  fo r  le a d , z in c ,  cadmium
and m ercu ry , r e s p e c t iv e ly .  O ve rland  r u n o f f  i s  a m a jor fa c to r  
in f lu e n c in g  the  c o n c e n tra t io n s  o f  ion s  in  the stream s as e v id e n t by 
h ig h e r mean c o n c e n tra t io n s  o f  n i t r a te - N  -in  the  stream s (2 .7  mg/1) than 
in  the  w e lls  ( 2 .1  m g/1 ) ,  as w e ll  as by the  h ig h e r mean c o n c e n tra t io n s  o f 
n i t r i t e - N  in  the  stream s (26 p g /1 )  than in  the  w e l ls  (19 p g /1 ) ;
R eg iona l v a r ia t io n s  in  the  tra c e  m eta l c o n c e n tra tio n s  co u ld  be seen
in  th a t stream s d ra in in g  sandy s o i l s  d is p la y e d  e le v a te d  c o n c e n tra t io n s
o f  these m e ta ls . The absence o f  c la y s  which adsorbs the  m e ta ls  r e s u lts  
in  the  in c re a s e d  v a lu e s .
The mean c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and m ercury in  the 
w e ll  samples were 0 .02  m g/1, 0 .3 8  m g/1, 0.011 mg/1 and 0 .1 0  p g /1 , 
r e s p e c t iv e ly .  Lead and cadmium were the  o n ly  m e ta ls  whose 
c o n c e n tra t io n s  exceeded the p e rm is s ib le  l i m i t  in  d r in k in g  w a te r ('Table 
4 ) .  '
S e a s o n a lly , z in c ,  cadmium and m ercury d is p la y e d  maximum 
c o n c e n tra t io n s  in  the  s p r in g .  The mean c o n c e n tra tio n s  o f  the  m e ta ls  in  
t h is  sam p ling  p e r io d  were 0 .57  m g/1, 0 .019  mg/1 and 0 .17  p g /1  , fo r  z in c ,
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TABLE 3. PERCENTAGE OF STREAMS EXCEEDING THE LIMIT OF LEAD, ZINC,
CADMIUM AND MERCURY FOR PROTECTION OF FRESHWATER AQUATIC LIFE
L im its  fo r  p ro te c t io n  o f  fre s h w a te r  a q u a tic  l i f e .  
•Lead • 0 .03  mg/1
Z inc  0 .03  mg/1
Cadmium 0 .0 0 0 2  mg/1
M ercury 0 .2  p g /1
Lead Z inc Cadmium M ercury
December 1981 
n = 29 
A p r i l  1982 
n = 29 
June 1982 
n = 38 
August 1982 






















n = 165 25% 26%
r
81% 39%
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TABLE! 4. PERCENTAGE OF SELECTED WELLS EXCEEDING THE LIMITS OF LEAD,
ZINC, CADMIUM AND MERCURY IN DRINKING WATER
>3
December 1981 
n = 21 
A p r i l  1982 
n = 21 
August 1982 





L im its  in  d r in k in g  w a te r
Lead 0 .05  mg/1
Z in c  5 .00  m g . / I
Cadmium 0.01 mg/1
M ercury  2 .0  pg /1
Lead Z in c  Cadmium M ercury 
57X OX 61% OX
OS OX 71?5 OX
6X OX 65S OX
9X i OX 12% ' OX
2OX OX 69X OX
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cadmium and m e rcu ry , r e s p e c t iv e ly .  The m e lt in g  o f  snow and the thaw ing  
o f  the  ground a llo w s  fo r  ra p id  i n f i l t r a t i o n  o f  s u rfa c e  w a te rs . These 
w a te rs  may i n f i l t r a t e  r a p id fy  th ro ug h  the  c la y e y  t i l l  a long  f ra c tu re s  
and f is s u re s .  S u rface  w ater co u ld  -a ls o  d ra in  downwards in to  w e lls  i f  
p ro v is io n s  are  no t made to  d iv e r t  them.
W aters w ith  h ig h  t r i t i u m  c o n c e n tra t io n s , o b v io u s ly  o f  re c e n t 
o r ig in ,  we.re found in  h a l f  the w e lls  s e le c te d  fo r  t r i t i u m  a n a ly s is .  
These w e lls  a ls o  had e le v a te d  le v e ls  o f  z in c  and n i t r i t e - N  su g g e s tin g  
c o n ta m in a tio n  o f  the  w e l ls .
The c o n c e n tra t io n s  o f  le a d , z in c ,  cadmium and m ercury in  th e ' s o i ls  
o f  Essex County were de te rm ined  to  be 3 .62 m g/kg, 8 .12  m q/kg , 0 .14  mcj/kg 
and 1 .39  p g /k g , r e s p e c t iv e ly .  The c o n c e n tra t io n s  o f  the  tra c e  m eta ls  in  
the  sedim ent were a p p ro x im a te ly  30SS lo w e r. E le va te d  c o n c e n tra t io n s  o f 
the tra c e  m e ta ls  were e v id e n t in  s o i l  and sedim ent samples taken near 
s i te s  h av ing  h ig h  d a i ly  t r a f f i c .
6 .2  Recommendations
i *4
1. F u r th e r  s tu d ie s  o f  tra c e  m e ta ls  in  the  s tream s, bo th  a t the 
headw aters d u r in g  b ase flow  c o n d it io n s  and a t s i te s  downstream, 
e s p e c ia l ly  near roads r e g is te r in g  h ig h  d a i ly  t r a f f i c  sh o u ld  be made 
to  de te rm ine  the  in p u t o f  the co n tam inen ts  from  v a r io u s  so u rces .
2: C lose r m o n ito r in g  o f  the  v a r ia t io n s  in  the c h e m is try  o f  the  stream s
and g roundw a te r shou ld  be unde rtaken  w ith  sam p ling  done w eekly o r
b im o n th ly .
3. F u r th e r  is o to p ic  s tu d ie s  u s in g  t r i t i u m  shou ld  be made on the  w e lls
•p re v io u s ly  s tu d ie d  to d e te rm in e : 1 ) i f  t r i t i u m  va lu es  c o n tin u e  to
be h ig h  w ith  no f lu c tu a t io n  o r changing s lo w ly  in d ic a t in g  young 
w a te rs  a re ^ w e ll m ixed w ith  o ld e r  w a te rs ; and 2 ) p o s s ib le  seasona l 
v a r ia t io n  th a t  may r e s u lt  i f  th e re  are changes in  the  source o f  th e  
w a te r o r the r e la t iv e  p ro p o r t io n  o f  w a te r from the  d i f f e r e n t  
so u rce .
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4. A s tu d y  w e ll  sh o u ld  be d r i l l e d  and p ro p e r ly  cased to  p re ve n t 
c o n ta m in a tio n  by s u rfa c e  w a te rs  in  th e ' area where h ig h  t r i t i u m  
v a lu e s  were d e te rm in e d , m o n ito r in g  m ajor ion s  and tra c e  m e ta ls . 
T r i t iu m  ana lyse s  sh ou ld  be unde rtaken  in  the  s p r in g  when th e  
re ch a rg e  ra te  i s  n o rm a lly  h ig h  and in  the  la te  summer, when the  
r a te  is  low .
5. The s tu dy  o f  tra c e  m e ta ls  in  g ro un dw a te r, stream s and s o i ls  sh ou ld  
be expanded to  in c lu d e  chromium, co pp e r, i r o n ,  manganese and 
n ic k e l ,  as w e ll  as le a d , z in c ,  cadmium and m ercury .
6 . F u r th e r  s o i l  samples shou ld  be ana lyzed  from the  areas so u th e a s t o f  
Leam ington, in  the  c e n tre  o f  the  coun ty  near Essex, and a long  the  
so u th e rn  shore o f  Lake S t. C la i r .  These areas were o m itte d  in  t h is  
s tu d y  because th ey  are  h ig h ly  p o p u la te d .
7. V a r ia t io n s  in  the  c o n c e n tra t io n s  o f  m e ta ls  in  the  s o i l  w ith  re s p e c t 
to  d is ta n c e  . from  roads w ith  h ig h  t r a f f i c  volumes sh o u ld  be 
ex tended .
8 . V a r ia r io n s  in  th e  m e ta l c o n c e n tra t io n s  in  s tream  sed im ents  so u ld  be 
examined a long  th e  le n g th  o f  the  s tream s.
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GLOSSARY OF TERMS USED IN APPENDICES
Cadmium (m g /1 ); (m g/kg)
E le c t r ic a l  c o n d u c t iv i t y  (pS/cm)
Depth to  w a te r (m)
UTM e a s t in g , s u f f i x  83
G eology: 1. H am ilto n  Group
2. EXindee F orm ation  w
3. D e t r o i t  R iv e r Group
M ercury ( p g /1 ) ;  (p g /k g )
N it ra te -N  (m g/1)
N i t r i t e - N  (p g /1 )
UTM n o r th in g ,  s u f f i x  46
E s tim a ted  overburden  th ic k n e s s  (m)
D is s o lv e d  oxygen 0. U n sa tu ra te d  
^  1. S a tu ra te d
Lead (m g /1 ); (m g/kg)




5. O rgan ic  S o i l
'Z in c  (m g /1 ); (m g/kg)
/
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APPENDIX 1. , «
A b b re v ia tio n s
C o lour
f
M a te r ia l
C on tinued
' 4
in  g e o lo g ic a l d e s c r ip t io n s
BLCK b la c k




YLLW y e llo w
CLAY c la y
CSND coarse  sand
FSND f in e  sand
GRVL g ra v e l
HPAN hardpan




ROCK ro c k  (b e d ro ck )
5AND sand
SHLE s h a le
SILT s i l t
STNS stones
TPSL to p s o i l
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APPENDIX A. ANALYTICAL RESULTS EUR TILE DRAINAGE SAMPLES
A p r i l  1982
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APPENDIX 7. p H , ’ CONDUCTIVITY, NITRATE-N, AND NITRITE-N CONTENT, AND
OXYGEN SATURATION PERCENTAGE OF SELECTED STREAM SAMPLES
pH C o n d u c t iv i t y  N i t r a te - N  N i t r i t e - N  Oxygen
(pS/cm) (m g / I )  ( p g /1 )  S a tu ra te d
December 1981
n a 29
Mean 7 . 4 5 '  657- 2 .3  23 96.6
Range 6 .79  -  7 .87 316 -  990 0 .2  - ' 9 . 1  0 - 6 9
SD. 0 .24  167 1 .9  18
n = 29
A p r i l  1982
Mean 7.45 548 5 .8  36 86.2
Range 6 .84  -  8 .25 27 -  1087 3 .0  -  10.1 14 -  90
SD 0.31 277 1 .9  22
Dune 1982
n = 38
Mean- 7.68 660 1 .6  28 65.8
. Range 6.83 -  8 .70  391 -  1563 0.3 -  5.6 0 -  70
SD 0 .50  26.6  1 .0  19
August 1982
' n = 29
Mean 7.57 990 1 .8  23 51.7
Range 7 .13 -  7.98 781 -  1234 0.1 -  6 .3  1 -  59
SD 0 .23  '134 1 .5  ’17
December 1982
n = 40
Mean 7 .46  1188 - 2 . 5  23 72.5
Range 7.00 -  8 .12  518 -  4424 0.1 -  4 .9  1 -  48
SD 0 .25  790 1 .6  16
A l l  Streams
n = 165
Mean ' 7 .56  826 2 .7  26 73.3
Range 6 .79  -  8 .70 27 -  4424 0 . 1 - 1 0 . 1  0 - 9 0
SD 0 .34  500 2.1 18
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APPENDIX 8. LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF SELECTED STREAM
SAMPLES
Lead Z inc  Cadmium Mercury
(m g / i )  (mg/1 ) (mg/1 ) ( p g / 1 )
December 1981 
*
n = 29 •
Mean 0 ,08  _ 0 .q2  0.013 ' 0.12'
Rahge 0 .0  -  0 . 4 ' '  0 .00  -  0 .07  0.000 -  0 .0 2 7 '  .0.00 -  0 .54
SD 0 .14  • 0 .02  0.005 0.18
A p r i l  1982
n = 29 ,
Mean 0 .07  0 .03  ; ‘ 0 .010 0 .04
Range . 0 . 0  -  0 .2  0.Q0 -  0 .08 0.000 -  0.016 0 .00  -  0.36
Ŝ"D 0 .0 6  0 .02  0 .005 0.11
■ • Oune 1982
n = 38
Mean 0.01 0 .04  0‘.007 1..07
Range 0 .0  -  0.1 0 .00  -  0 . 2 6 ’ 0.000 -  0 .1 6 '  0 .26  -  3.60
SD 0 .03  0 .05  ,0 .006  0 .75
, August 1982
n = 29
Mean 0 .00  0 .02  0.002 . 0 .14  -
Range 0 .0  -  0.1  0 .00  -  0..26 0.000 -  0.021  0 .00  -  0.90
SD 0.01 0 .0 6 .  '  0.004 0 .22
December 1982
n = 40
Mean 0 .06  0 .02  0.013 0.01
Range 0 .0  -  0 .2  0 .00 -  0 .43  0.005 -  0 .027 0 .00  -  0 .44
SD 0.08 0 .07  0.007 0.11
A l l  Streams
n = 165
Mean 0 .04  0 .02  - 0 .009 0.31
Range 0 .0  -  0 .4  . U.UU -  U.45 0.000 -  0 .027 0 .00  -  3 .60
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APPENDIX 9. pH, CONDUCTIVITY, NITRATE-N, AND NITRITE-N CONTENT OF
WATERS IN DRAINAGE BASINS
pH C o n d u c t iv i t y  N i t r a te -N  N i t r i t e - N




Mean 7.31 931 ■ 2 . A 22
Range 7.13 -  7 .79  476 -  1563 0 .4  -  6.1 4 -  90
SD 0 .17  305 1 .9  23
Canard R iv e r  Basin
n = 35
Mean 7 .54  845 2 .2  . 25
Range 7 .10  -  8 .34  362 -  1492 0 .0  -  5.1 0 -  83
SD 0 .24  298 1 .4  19
B ig  Creek Basin
n = 25
Mean 7.31 764 3.'2 30
Range 6 .83  -  7 .72 316 -  1298 0 .4  -  10.0  2 - 7 0
SD 0 .23  257 2 .6  16
.C edar-S tu rgeon  Creek Basin . ■
n = 23
Mean 7.55 707 2 .8  23
Range 6 .79  -  8.41 414 -  1333 0 .3  -  8.3 1 -  56
SD ’ 0 .42  247 2 .0  16
H illm an-M uddy Creek Basin
n = 14
Mean 7.56 653 4 .9  33
Range 7 .15  -  7 .92 56 -  1160 0 .6  -  10.1 7 - 8 5
SD 0 .23  304 3 .0  23
B ig - T i l b u r y  Creek Basin1
n = 11 *
Mean 7.76 648 1 .9  - 2 4
Range 7 .19  -  8 .20 27 -  1160 0 .0  -  7.2 7 -  55
SD 0 .36  361 2 .3  15
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APPENDIX 9.,






















pH C o n d u c t iv i t y  N i t r a t e - N  N i t r i t e - N
(pS/cm) (mg/1) (p g /1 )
Tremblay Creek Bas in
8 .06  712 0 .6  27
7.42 -  0 .70  532 -  892 0 .4  -  0 .9  10 -  44
0 .90  " 254 0 .3  24
Ruscom R iv e r  Bas in
7 .60  934 2 .2  22
7 . 1 3 . -  8 .09 .563 -  1772 ■ 0.1 -  6 .4  2 -  59
0 . 2 0 .  374 1 .9  16
Duck-Maison Creek Bas in
7 .87  016 2 .4  32
7 .25  -  8 .18  431 -  1203 0 .4  -  5 .5  15 -  49
0.31 312 1 .5  16
B e l le  R iv e r  Bas in
7.61 877 ) 2 .8  13
7 .29  -  7 .97  311 -  14^4 0.1 -  6 .9  1 - 4 8
0 .22  383 2 .6  16
. P u c e - P ik e - L i t t l e  R iv e r  Bas in
7 .72  959 2 .4 ' 25
7 .00 -  8 .43  246 -  4405 0 .4  -  5 .3  1 -  54
0 .36  931 1 .5  15
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APPENDIX 10. LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF WATERS IN
DRAINAGE BASINS































Turkey Creek 8 asin-
0.03 0 . 0 1 1
0.05'
0.06
0 .03  „ 0 .008




0 .02  0.007
B ig  Creek Bas in
0.05 0 .0 0 0
0.06  0 .08  0 .0 0 0  
s / '
Cedar-S tu rgeon  Creek Basin
0 .04  0 .02  . 0.000
0 .0  -  0 .3  0 .00  -  0 .26 0 .000 -  0.027










0 .000 -  0.027 
0.0080 .06
B ig -T . i lb u r y  Creek Basin
0.00  
0 .00  -  0 .13 
0.01
0 .0 1 0  
0 .0 0 0 , -  Oi'016 
0.005
Mercury
(p g /1 )
0 .39
0 .0  -  0.1 0 .00  -  0 .07  0.000 -  0 .027 0 .00  -  3 .60
1.02
0 .35
0 .0  -  0 .3 ' 0 .00  -  0 .09 0.000 -  0.027 0 .00  -  1.80
0.53
0.58
0 .0  -  0 .2  0 .0 0  -  0 .43  0.000 -  0.021 0 .00  -  2 .70
0 . 86
0.36  
0 .0 0  -  1.80 
0.53
0.07 
0 .00  -  0.-45 
0 .14
0.19 
0 .00  -  0.54 
0.20
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APPENDIX 10. Continued































0 .06  









0 .0 0  -  0 .04 
0 .03
0.008 
0 .005 -  0.011 
0.004
Ruscom R iv e r  Basin
0 .03 
0 .0 0  -  0 .26  
0.07
0.008 




0 .0 0  -  0 .0 2  
0.01
0.009 
0 .005 -  0 .016 
0 .006





0 .0 0 0  -  0.016 
0 .006
/ U L
3X00 -  
O C
P u c e - P ik e - L i t t l e  R ive r  Bas in
0 .06  0 .0 2
0 .0  -  0 .03  0.00 -  0 .00
0.098  0.02
0.009 




(y ig /1 )
- ^ 0 .1 3  
0 .0 0  -  0.26 
0 .18
0.15' 
0 .00  -  0 .90  
0 .28
0 .32  
0 .00  -  0 .54  
0 .20
0.20  
0 .00  -  0 .90 
0 .36
0 .19  
0 .00  -  0 .90  
0 .29
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APPENDIX 11. pH, CONDUCTIVITY, NITRATE-N, AND NITRITE-N CONTENT, AND
OXYGEN SATURATION PERCENTAGE OF SELECTED WELLS
pH C o n d u c t iv i t y  N i t r a te - N  N i t r i t e - N  S a tu ra te d  
(pS/cm) 1 (mg/1) (p g /1 )  Oxygen
December 1981




7.45 .1109 1 .7  5
7 .03 -  7. 32 385 -  4167 0 .0  -  4 .3  0 -  13
0 .23  906 1 .2  4
76 .2
A p r i l  1982





6.72 -  8 .6 8  
0.43
572
1 - 9 1 7
536
1 . 6  
0. 4 -  6. 3 
1. 3
28









7 .53  -  8 .30  
0.23
728 
101 -  4219 
972
3.3 
0 . 2  -  6 .2  
2.1
16









7.21 -  7 .86 
0 .2 2
1071 
214 -  4587 
1206
2 .6  . 
0 . 1 - -  5 .2
1 . 6
32
0 - 5 1
17
0.0
A l l  w e l ls




7.51 860 2.1 19
6.72 -  8 .6 8  1 -  4587 0.1 -  6 .3  0 - 1 0 9
0 .40  904 1 .6  21
32.8
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APPENDIX 12. LEAD, ZINC, CADMIUM. AND MERCURY CONTENT IN SELECTED WELLS
Lead Z inc  ,Cadmium
(m g/1 ) (m g/1 ) (m g /1 )
_ December 1981
n = 21
Mean 0 .06  0 .35  0 .009
Range 0 .0  -  0 .2  0 .05 -  1 .6 6  0.005 -  0 .016
SD 0 .07  0 .42 0 .004
A p r i l  1982
n = 21
Mean ' • 0 .0  0 .57  0 .019
Range 0 .0  0 .00  -  3 .22 0 . 0 0 0 -  0 .032
SD 0 .0  0 .77  0.032
August 1982
n = 17
Mean 0 .02  0 .23  0 .010
Range 0 .0  -  0 .3  0.01 -  1.71 0 .000 -  0.016
SD 0 .07  0 .39  0 .004
December 1982
n = 11
Mean 0.01 0.31 0.011
Range 0 .0  -  0.1 0 . 0 3 - 1 . 1 6  0 .005 -  0.027
SD 0 . 0 3 -  0 .34  0 .009
A l l  w e l l s
n = 70
Mean 0 .02  0 .38 0.011
Range 0 .0  -  0 .3  0 .000 -  3 .22  0 .000 -  0 .032






0 .00 -  0 .36 
0 .14
0.17  
0 .00  -  0.36 
0 .18
0.13 
0 .00  -  0.36 
0.12
0.01 
0 .00  -  0 .07 
0.02
0 . 10* 
0 .00  -  0 .36  
0.15
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v
APPENDIX-13. pH, CONDUCTIVITY, NITRATE-N, AND NITRITE-N CONTENT., AND
OXYGEN SATURATION PERCENTAGE OF SELECTED TILE ORAINAGE
pH C o n d u c t iv i t y  N i t r a te - N  N i t r i t e - N  S a tu ra ted
• (pS/cm)  ̂ (mg/1) (p g /1 )  Oxygen
0//O'i
A p r i l  1982
n = 5 .
Mean ' 7 . 2 4  532 3 .6  41 100
Range 6 .84  -  7.41 397 -  806 '1 .1  -  11.0  18 -  108
SD- 0 .24  157 3 .8  35
| *
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APPENDIX 14. LEAD, ZINC, CADMIUM AND MERCURY CONTENT OF SELECTED TILE
DRAINAGE










(m g /1 )
Cadmi
A p r i l  1982
0.01 
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APPENDIX 15. pH, CONDUCTIVITY, LEAD, ZINC, CADMIUM AND tCRCURY CONTENT OF SOILS I
COUNTY













8 .6 3  4 0 .7
7 .6 4  -  0 .4 5  1 6 .6  -  94 .3
0.51 .19 .0
3 .5 6  8 .4 2  0 .1 2
0 .0 0  -  1 0 .50  . 3 .8 5  -  2 6 .5 0  0 .0 0  -  0 .27
2 .1 2  4 .8 9  0 .0 5
Loam s o i ls








8 .0 9 8 7 .2 3 .65 8.02 0 .1 6












7 .4 5  -  8 .9 3  3 2 .7  -  135.1 0 .5 0  -  1 3 .20  0 .4 4  -  1 4 .50  0 .0 0  -  0.41
0 .3 6 2 9 .9 3 .1 9  3 .5 2
Sandy s o i ls
0 .0 9




8.3 0 6 5 .6
.2 6  -  8 .3 4  5 4 .0  -  81 .3
0 .0 3 1 4 .0
2.61  
0 .3 5  -  4 .4 9  
2 .0 9
8 . 10  
6 .8 0  -  9 .92  
1 .6 2
0 .1 5  
0 .1 0  -  0.21  
0 .0 5
Organic s o i ls





8.01 -  9 .3 5  2 3 .2  -  8 6 .2
0 .3 9 2 2 .7
3 .1 0  
1 .96  -  3.51  
0.51
10.71 0 .1 7
0 .6 3  -  4 8 .1 0  0 .1 3  -  0 .2 7
15 .24 0 .0 4
A l l  s o ils




8 .5 4 5 3 .7 3.62 8 .12 0 .1 4
7 .2 3  -  9 .4 5  1 6 .6  -  238.1 0 .0 0  -  1 3 .20  0 .4 4  -  4 8 .1 0  0 .0 0  -  0 .41
0 .4 9 33 .3 2 .2 6 6 .4 3 0 .0 6
ESSEX
M ercury  
( Mg/kg)
1.28  
0 .0 0  -  27.31  
4 .4 8
2 .3 0  
0 . 0 0  -  1 1 ,6 8  
4 .2 0
0 .6 3  
0 .0 0  -  3 .2 2  
0.88
■0.69 
0 .4 7  1 .03
0 .2 9
2.71 
0 .0 0  -  15 .05  
5 .3 0
1 .3 9  
0 .0 0  -  27.31  
3 .9 6  ’
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APPENDIX 16. pH, CONDUCTIVITY, LEAD, ZINC, CADMIUM AND MERCURY CONTENT 0F SEDIMENTS IN ESSEX
COUNTY
pH C o n d u c tiv ity  Lead - Z inc Cadmium
(pS/cm) (m g/kg) ! mg/kg) (mg/kg)
Clay sedim ent
n = 26 - •
Mean 8 .8 6  20^8 2 .1 7  8 .9 7  0 .1 2
Range 8 .1 8  -  9 .3 0  5 .9  -  33 .8  - 0 .0 0  -  7 .4 6  1 .06  -  19 .90  0 .0 0  -  0 .2 3
SD 0 .2 9  .  7 .7  1 .4 4  3 .4 9  0 .0 5
I Sandy loam sediment
n = 3
Mean 8 .2 0  69.1 0 3 .9 9  1 0 .45  0 .0 7
Range 7 .0 3  -  8 .9 7  1 4 .7  -  185.1 O.Ooji -  3 .5 3  2 .5 7  -  2 3 .0 0  0 .0 0  -  0 .1 3
SO 0 .7 2  6 2 .6  1 .3 8  9 .5 2  0 .0 5
Sandy sedim ent
n = 2
MearT 8 .4 2  29 . 3 ' 4 .1 5  7 .1 8  0 .0 9 ‘
Range 8 .2 5  -  8 .6 0  2 3 .7  -  3 4 .9  1 .48  -  6 .8 2  6 .4 8  -  7 .8 8  0 .0 0  -  0 .1 0
SD 0 .2 4  7 .9  3 .7 7  0 .9 8  0.01
O rganic sedim ent
n = 6 '
Mean. 8 .91  2 7 .7  3 .6 3  14 .92  0 .08
Range 8.61 -  9 .1 4  1 4 .2  -  39 .9  0 .51 -  1 4 .80  5 .1 0  -  4 1 .1 0  0 .0 2  -  0 .1 8
SD 0 .1 9  1 0 .4 2  5 .4 9 . ^ 1 4 .3 3  0 .0 6
A l l  sedim ent
n = 40
Mean 0 .7 5  2 9 .6  2 .3 2  9 .9 9  0 .1 0
Range 7 .0 3  -  9 .3 0  5 .9  -  185.1 0 .0 0  -  1 4 .8 0  1 .0 6  -  4 1 .1 0  0 .0 0  -  0 .2 3
SD • 0 .4 4  2 9 .0  2 .5 6  7 .1 2  0 .0 5
Mercury
(p g /k g )
0 .2 8  
0 .0 0  -  1 .04  
0 .3 2
0.41  
0 .1 7  -  0 .8 6  
0.02
0 .2 9  
0 .0 0  -  0 .5 8  
0 .41
0 .3 2  
0 .0 0  -  0 .5 7  
0 .2 6
0.31  
0 .0 0  -  1 .0 4  
0 .3 0
Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.
■ ,  APPENDIX 17 . SELECTED WATER WELL RECORDS FOR ESSEX COUNTY (MOE, 1977)
SELECTED WATER WELL RECORDS FOR ESSEX COUNTY
WELL UTW UTM • ELEV. KIND WATER DEPTH IN H TO WHICH FORMATION
SITE EASTING NORTHING . M OF FOUND EXTENDS
WATER ■' M
1 4 5 .7 0 8 2 .0 8 182 .5 SU . 39 .6 TPSL 0 0 .6  RED CLAY 0 6 .1  BLUE CLAY 
2 7 .4  MSND 2 9 .8  CLAY MSND 36 .2  MSND 
36*4) MSND GRYL 3 7 .7  GRVL 38 .4
2 ' 4 3 .88 75.97. . 188 .9 SU • 31.1 YLLW CLAY 0 2 .7  GREY CLAY 2 8 .6  CLAY 
SAND 3 0 .4  ROCK 3 1 .0
3 51 .70 7 5 .3 0 185.9 FR 28 .6 BLUE CLAY 2 8 .6  GRVL 2 9 .8
A 55 .25 7 8 .1 2 185 .9 SU 43 .9 YLLW CLAY 0 3 .0  BLUE CLAY- 3 2 .0  MSND 
37 .1  BLUE CLAY 3 9 .6  BLUE CLAY 3 9 .6  
HPAN 4-3.2 ROCK 4 3 .8
5 65 .0 0 7 8 .8 7 181.9 SU 32 .0 ‘ YLLW CLAY 0 3 .6  BLUE CLAY 3 1 .0  MSND 
GRVL 3 1 .3  LMST 3 2 .0
. 6 75 .57 7 6 .58 1 8 2 .8 ’ FR 35 .6
41.1
TPLK 0 0 .6  BLUE CLAY 3 5 .6  MSND 
37 .1  (S 3 5 .6 ) BLCK SHLE 3 9 .6  GREY 
R XK  4 2 .3  '•
7 75 .06 7 0 .5 3 185.3 FR 4 4 .2 CLAY 4 2 .6  HPAN 44 .1  FSND 4 4 .5
■*»
8 78 .38 69 .31 182.8 FR. 4 6 .9 CLAY MSND 0 1 .2  BLUE CLAY 4 4 .8  HPAN 
4 7 .8  LMSN GRVL 4 7 .2
8a 76 .38 69 .31 182.8 SU ■ 4 3 .9
■>
TPSL 0 0 .3  RED CLAY 0 2 .4  BLUE CLAY 
1 9 .5  RED CLAY 2 8 .9  BLUE CLAY 3 6 .5  
GRVL^CLAY 4 2 .6  HPAN 4 3 .8  GRVL 44 .1
9 7 6 .5 0 6 1 .6 2 182.8 FR 32 .0 BRWN CLAY 0 2 .4  BLUE CLAY 2 9 .5  HPAN 
3 2 .0
10 7 5 .20
r
53 .5 5 17 5 .2
1 7 5 .2 ^
FR 5 .2 MSND 0 2 .4  CLAY 0 2 .7  BLCK MUCK 0 3 .0  
MSND SILT 05.1
11 7 5 .20 4 3 .4 7 FR '3 .9
5.5
MSND 0 2 .4  QLAY 0 2 .7  BLCK MUCK 
0 3 .6  MSND 0 5 .4  (S 0 3 .9 )  FSM3 0 7 .3
(S
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APPENDIX 17. Continued
WELL ‘  HIM UTM . ELEV. KIND WATER OEPTH IN M TO WHICH FORMATION
SITE EASTING NORTHING M OF FOUND EXTENDS
WATER M
12 6<f.41 6 2 .3 5  200 .2  FR 17 .6  BLUE CLAY 09 .1  MSND 17 .6  GRVL
13 67 .42  ^ 69 .8 3  1 9 0 .fi FR 30 .2  BRWN CLAY 0 3 .6  BLUE CLAY 29 .8
MSND 30.1 LMST 30.7
14 59 .58  73 .18  190.8 FR '  33 .2  • TPSL 00 .3  YLLW CLAY 0 3 .0  BLUE
25 .0  GREY SAND 30 .4  GREY'SLaY
GREY LMST 33 .2
15 53 .89 71 .11 192.0 S U ', 39 .0  BLUE CLAY 36 .5  LMSN 39 .0
16 58 .80  62 .5 8  197.2 SU 28 .9  GRVL 26 .8  BLUE CLAY 19 .8  QSND
ROCK 28 .9
17 59.59 59.'43 ’ 193 .5  FR 30 :2  YLLW CLAY 02 .7  GREY CLAY 12 .8
• *' 25 .2  SAND SHLE 25 .9  ROCK 30.4
18 46 .98  " 53 .39  182.9 ' SU ‘ 35 .9  MSND 03 .0  CLAY 12.1 MSND 24 .3
. ' 27 .4  GREY LMSN 35 .9
f
19 38.28 57 .8 2  188 .3  FR 32 .0  TPSL 00 .3  YLLW CLAY 0 3 .6  BLUE
16.7 GREY FSND 22.8. SLUE CLAY
26 .2  GRVL CLAY FSND 29 ‘.2  GREY
32 .0
20 35 .66 6 2 .0 5  187.4  FR 2 5 .3  BLCK TPSL Q0.6 YLLW CLAY 06 .0
CLAY 1 9 .8  MSND 24 .9  GRVL 2 5 .2
21 39.87 6 4 .7 3  186 .5  FR 2 4 .9  TPSL CLAY 00 .3  YLLW CLAY 04 .2
CLAY 15 .2  MSND 15 .5  CLAY 21 .3
i.93 ^  66 .:
) 2 1 .6  CL^Y 2 4 .9  GRVL 26 .2
22 44 \  .31  198 .0  FR 2 8 .0  YLLW CLAY 0 3 .6  BLUE CLAY 2 0 .7
GRVL STNS 27 .4  BRWN LMSN 28 .0
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